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PREFACE 



The author believes that a course in Qualitative Anaiysis 
should not only train the student in accuratc and carcful 
manipulation and so prépare him for the more careful 
work necessary in Quantitative Analysis, but should aiso 
serve to extend and supplément hîs Imowledge of General 
and Theoretical Chemistry, To this end an attempt has 
been made to présent the theoretical and practical parts 
in such a way that the student will understand the signifi- 
cance and see the practical applications of the theoretical 
part. 

The book has been divided înto four parts, including 
the Appendix. Part I consists of the Introduction and 
Laboratory Suggestions. In the Introduction is given a 
brief discussion of the lonic Theory and Law of Mass 
Action, as applied to the principles involved în Qualitative 
Analysis, and référence to its various sections is made 
throughout the text. Part II consists of Preliminary 
Experiments, Method of Analysis, Discussion and Review 
Questions on the métal ions. In order that the student 
may get a comparative idea of the actions of the différent 
métal ions in a group toward a given reagent, the Pre- 
liminary Experiments are arranged in a manner which 
differs somewhat from the usual one and in order that 
he may not be confused by too many reactions, only those 
reagents used in the Method of Analysis are employed. 
Preliminary Experiments whose reactions may not be clear 
are followed by Notes. In the Method of Analysis an 
attempt has been made to give clear and concise directions 
for procédure only, ail explanations and conditional pro- 
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cedures being placed together under Discussion, following 
each group Or sub-group. It is believed that by fréquent 
référence to this the student's attention will be brought 
more efïectively to the theoretical explanations and to 
the reasons for carcful work. In so far as practicable, 
only Quantitative reactions hâve been given and only 
those methods hâve been used which hâve been thoroughly 
tested. Part III consiste of Method ai Analysis, Dis- 
cussion and Revîew Questions on the acids. 

A new method of anion analysis is given which foUows 
in gênerai the method of procédure in métal analysis, in 
that a single sample is taken for analysis, and largely by 
means of précipitation methods, the separacion and détec- 
tion of anions are made. Many of the same reactions 
used in the course of métal analysis are also employed. 
For thèse reasons no preliminary experiments are given, 
the author having found that students are able to under- 
stand and follow the directions in the analysis of 
" unknowns." In the Appcndix are given directions for 
the préparation of reagents and test solutions, also tables of 
solubilities and atomic weights of the more common 
éléments. 

In the préparation of this text the author has made 
use of information from ail convenient sources, includîng 
such textbooks on Qualitative Analysis as thosc of Tread- 
well-Hall, A, A. Noyés, Juliua Stieglitz, and W. A. Noyés, 
to whom he wishes to acknowledge his indebtedness. 
Acknowledgment is also due to Dr. J. F. G. Hicks, Stan- 
ford University, and to Miss M. Dewar, University of 
Nevada, for helpfui crïticism and assistance. 
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A SYSTEMATIC 
QUALITATIVE CHEMICAL ANALYSIS 



INTRODUCTION 

1. In his study of General Chemistry the student has 
become somewhat familiar with the more important élé- 
ments, thcir préparation, physical propertîes and some of 
their principal compounds. In his laboratory work he 
has become acquainted with the différent types of chemîcal 
réactions; viz., combination, décomposition, displace- 
ment, double décomposition, oxidation- réduction, etc. 
He has learned that certain reactions are réversible, that 
others are non-reversible, and that the point of equilibrium 
in réversible reactions is infiuenced by the relative amounts 
of the substances entering into the reaction. 

2. " Qualitative Ânalysis treats of the identification 
of matter," while Quantitative Analysis, as its name implies, 
deals with its quantitative détermination. An efficient 
System of qualitative analysis should consist not only 
in finding out what substances are présent and what are 
absent but also in obtaining an estimate of the relative 

, quantity of each constituent présent. In order to accom- 
plish this with accuracy and certainty the analyst should 
know the principle involved in the chemical actions con- 
œmed, the reason for each reagent used, the resuit it 
produces and how this resuit is brought about. For the 
purpose of Qualitative Analysis it is usually désirable 
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from each ^H 
:al reaction ^^ 



and often necessary to separate the substances from f 
othcr and then apply some charactcristic chemical reaction 
which can be easily and accurately recognized. 

3. In the course of this outlîne the following terms 
will be used frequently, and the student should become 
familiar with them and their meaning at the outset. 1 

(fl) A Reagent îs a substance which produces a 
known reaction and îs used for the purpose of 
obtaining a dcsired resuit. 

(i) A solution is a homogencous mixture, the prop- 
ertics of which change gradually with change in 
composition. Aqueous solutions are of most 
importance and are used almost exclusively in 
this outlîne. The student should leam, early 
in his course, to dîstinguish betwecn solutions 
and colloïdal suspensions. 

(c) Precipitate is a term usually applied to a solid 
substance whîch séparâtes from solution on the 
addition of a reagent. It may be finely dîvided 
se that it settles very slowly and ïs not held by 
a filter paper. Such a precipitate is termed 
"colloïdal. " Précipitâtes are distinguîshed as 
crystalline, floccuient, curdy, colloidal, etc. 

(d) Residue is a term usually applied to that portion 
of a solid left undissolved by a given reagent 
or solvent. 

(e) FUtration consists in the mechanical séparation 
of a solid from a liquid, by means of a'suitable 
screen, which allows only the liquid to pass 
through. The liquid passing through is known 
as the filtrate, whilc the solid remaining on the 
filter is called the precipitate or residue. 

(/) Décantation consists in carefully pouriug-ofï the 
liquid from the solid which has been allowed to 
settle. This opération is employed with crystal- 
line précipitâtes where a thorough washing îs 
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essential. The washing liquid, usually pure 
water in small portions, is thoroughiy mixed 
with the solid and set aside until the undissolved 
portion has settled. The clear supernatant liquid 
is then poured off. The opération is repeated 
until the solid is sufficiently washed. In most 
of the opérations of Qualitative Analysis suf- 
ficient washing may be obtained by blowing a 
fine stream of water from a wash bottle on to 
the filter containing the precipitate or residue. 
(g) Digestion is the term applied to a reaction 
between two or more substances that are mixed, 
hot or cold. and allowed to stand for some time 
with occasion al stirring. 

4. lonic Theory. — In his study of the effect of the . 
soluté on the propcrties of solutions, Raoult showed that 
' if a non-volatile substance îs dissolved in pure water cer- 
' tain propcrties, viz., boiling- point, freezing- point, osmotic 
pressure and vapor 'pressure, vary with the concentra- 
I tion of the soluté. Furthermore, he 'showed that equi- 
molecular proportions of certain substances produce an 
[ equal effect on thèse properties, e.g., one molecular weight 
r of cane sugar {Ci2H220ii =342 gms.) or of glucose 
(C6Hi20o = i7i gms.) or of glycérine (C3H5(OH)3 = 92 
gms.), when dissolved in 10 liters of water, lowers the 
freezing-point o. 1 86° C. and raises the boiling-poînt 
1 0.052° C. From Avogadro's Law we learn that equal 
L volumes of gases under the sarae conditions of température 
and pressure contain an equal number of molécules. A 
I careful study of solutions has shown that a dissolved 
I substance possesses properties similar to those of a gas 
havîng the same molecular concentration. A considér- 
ation of thèse and other facts leads to the conclusion that 
equïmolecular proportions of ail substances, whether liquid, 
solid or gas, contain equal numbers of molécules. The 
l change in freezing-point, boiling- point, etc., is therefore 
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proportional to the number of molécules or particles of 
soluté dissolved in a given amount of the solvent. Examina- 
tion of a great variety of substances in différent solvents 
has demonstrated the truth of this conclusion. 

5. When an acid, base or sait is dissolved in pure water, 
the change in freezing-point, boiling-poïnt, etc., is greater 
than would be expected from the gênerai rule. In their 
chemical relations thèse compounds show a marked dif- 
férence from those which follow the rule, Their reactions 
in solution are very rapid. In double décomposition 
reactions they seem to be composed of two or more radicals 
whïch act largely independently of each other. They are 
the only . substances whose solutions conduct electricity. 
Furthermore, there are certain colored salts, e.g., copper 
chloride (CuCla, greenish-yellow) , copper bromide (CuBra, 
reddish-brown) , and copper sulphate (CUSO4, blue), whoE* 
solutions on being diluted finally assume the same color 
(blue). In explanation of thèse facts Arrhenius, in 1885, 
proposed what is known as the "lonic Theory." It 
assumes that acids, bases and salts, when dissolved in 
water, dissociate into two or more radicals or particles, 
that thèse particles carry an electric charge and that an 
equilibrium exists between the undissociated particles and 
their dissociation products. 

6. When an electric current is passed through a solu- 
tion of an acid, e.g., HCl, HzSO^, etc., the hydrogen collecta' 
around the négative électrode and the ^remaining radical, 
(Cl), (SO4), etc., collects around the positive électrode. 
When the current is made to pass through a solution of 
a base, e.g., NaOH, KOH, etc., the hydroxide radical 
(OH) procceds toward the positive électrode while the 
métal radical is carricd toward the négative électrode. 
In the case of sait solutions, e.g-, NaCl, Na2S04, etc., 
the métal and acid radicals act in the same manner toward 
the electric current as if they were présent as the base and 
acid respectively. A radical, therefore, proceeding under 
the influence of an electric current, always moves toward 
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the same pôle regardiess of whether ît is présent as an acid, 
base or sait. From this it follows that the hydrogen radical 
must carry a positive electric charge and the hydroxide 
radical a négative charge. Similarly the métal radical 
wîll be charged positively and the acid radical negatively. 
A radical bearing an electric charge is called an ion and the 
process by which ions are formed from the undissocîated 
molécules is called ionization. 

7. Kinetic Theory and lonic Equilibrium.— When an 
acid, base or sait goes into solution the influence of the 
water causes it to dissociate, with the formation of posi- 
tively and negatively charged ions. On the basis of the 
kinetic theory we may assume that the continuai move- 
ment and jostling about of the molécules causes them to 
split apart or dissociate. At the same time the dissociated 
particles or ions will collide with each other with the resuit 
that some of them will again unité to form undissocîated 
molécules. At first the former reaction, dissociation, is 
more rapid, but as the number of ions increases theîr 
union becomes more fréquent until after a time the rate 
of the two reactions will be equal, i.e., the number of 
molécules dissociating in a unit of time will be just equal' 
to the number formed by the union of ions. When this 
condition is establîshed the reaction is said to be in equî- 
Kbrium. It is expressed by mcans of an équation as follows: 

AB^A+B 

8. Degree of Ionization. — Experiment has shown that 

the proportion of a substance exîsting in the form of îons 
dépends on its concentration in the solution, the more 
dilute solution having the higher per cent of ionization. 
This is explained on the basis of the kinetic theory, as 
follows: In concentrated solutions the ions are compar- 
latively dose together and collisions will be relatively 
fréquent, while in the more dilute solutions the ions are 
necessarily farther apart and the time between collisions 
will be greater. The resuit is that fewer of them will 
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unîte, per unît of time, to form non-îonized molécules. 
The per cent existîng in the form of ions must therefore 
încrease wîth increased dilution, a condition which agrées 
wîth expérimental data. While it has been found that 
the degree of îonization in solutions made from salts is 
relatively hîgh and approximately the same ^ for ail salts 
of the same concentration, a wide variation exists in the 
cases of acids and bases. 

9. The degree of ionization in normal and o.i normal 
solutions of the more common acids, bases and salts îs 
given in the foUowing table: 





Per Cent Ionized 




Per Cent Ionized 


Acids 






Bases 






N soin. 


o.i N oln. 


N soin. 


o.i N soin. 


H+cr 


78.4 


90 


K+OH- 


77 


86 


H+NO,- 


82 


90 


Na+OH- 


73 


86 


H+HSO4" 


51 


60 


Ba+ + (0H)2- 


69 


• •>••• 


H+HC2O4- 


• ■ • • 


50(0.2 N) 
(soin.) 


NH4-^0H- 


0.4 


1.31 


H+C,H,02- 


0.41 


1.3 








H+HCO,- 


0.17 











Salts 

Approximate degree of ionization for salts in o. i N solution 

Type M+A"(e.g., KCl) 86 per cent 

Type M + +A2~(e.g., BaCW 72 per cent . 

Type M2'''A (e.g., K2SO4) 72 per cent . 

Type M''"^A (e.g., BaS04) 45 per cent 

10. Law of Mass Action. — From a careful study of 
chemical equilibria and rate of chemical action Gulberg 
and Waage showed that the speed of a reaction is directly 
proportional to the concentration of thé reacting sub- 
stances. This is known as the Law of Mass Action. 

^ Notable exceptions to this rule are HgCl? and Pb(C2H802)2i whose per 
cents of ionization are relatively very small. 
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When sodium chloride (NaCI) is dîssolved in water the 
following equilibrïum is established; 

NaCl^Na++a- 

Since the number of NaCl molécules whîch dissodate in 
a unit of time is proportional to the concentration of the 
undissociated molécules, the speed of dissociation may 
therefore be stated mathcmatically as follows: 
S, =/,Cn^,. 

where Si = speed of disscjciation, CïJBC[ = molar concentra- 
tion of undissociated NaCl and j\ =the proportionality 
constant. In like manner the number of Na""" and Cl~ 
which unité to form the undissociated NaCl per unit of 
tîme is proportional to the product of their concentrations 
and raay be expressed mathematically as follows: 

S2-/2CN.+ -Ccr ^ 

where S2= speed of union, Csa^ and C(;r=the con- 
centrations of the Na+ and Cl- respectively and /2=the 
proportionality constant. When equilibrium is established 
the speeds of the opposing actions must be equaf ; therefore 

/iCNaci-ZsCNa+'Cc- 

[ and by transposition 

Cn.+ ■ Ccl" /l 

tSince /i and /2 are constants their ratio must be constant 
«d 

Cpja+ ■ Cci 



CnscI 



= K 



■ïvhere K is a constant. This is the mathematical state- 
Ëment of the l,aw of Mass Action as applied to the ioniza- 
I tion of sodium chloride, and shows that the product of the 
leoncentrations of the ions in the solution divided by the 
^concentration of the non-ionized molécules is a constant 
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of the ionfl^H 



quantity whîch îs independent of thc source of t 
K is known as the ionization constant. For highiy 
ïonized substances that are very soluble K varies consider- 
ably with the change in concentration, but for slightly 
ionized substances and those that are difficultly soluble 
it remains practically the same. The following examples 
will serve to ïllustrate. 

Experiment has shown that in a molar solution of 
acetic acid {HC2Ha02), 0.41 per cent of the acid is in the 
form of ions while 99.59 per cent of it remains in the 
non-ionized state. The ion concentration, therefore, is 
I X0.0041 =0.0041 and that of the non-ïcnized portion 
is 1X0,9959=0.9959, i.e., the condition of equilibrium j 
in a liter of i molar acetic acid becomes 

HCïHgOî ^ H+ + C2H3O2- 

(0.9959 mol) (0.0041 mol) (0.0041 mol) 
Substituting thèse values in the Mass Law équation 



K 



3 found to hâve the value 



-=K 



-=0.0000169 



0.0041 X0.0041 
0.9959 

If the above molar solution is diluted to ten times îts 
original volume the proportion of acid that exists in the 
form of ions will increase to 1.3 per cent. Using this 
value we obtain 0.1x0.013=0.0013 for the ion concen- 
tration and 0.1x0.987=0.0987 for thc concentration of 
the non-ionized portion. Substituting thèse values în the 
Mass Law équation 

Cg-^ ■ C c,H.o,~ _ 0.0013 XC.0013 _ 

o . 0987 



- =0.0000171 



a value îs obtained which is in very good agreement witt 
that obtained in the molar solution. 

In the case of ammonium hydroxide (NH4OH) exp< 
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ment shows thàfr^a o.i molar solution is I.31 per cent 
nîzed. The ionjconcentratîon, therefore, iso.r X0.0131 = 

3.00131 and the concentration of the non-ionîzed molécules 
fis o.i X0.9869 =0.09869. Substituting thèse values in the 
Imass-law équation we obtain for the ionization constant 



_o.ooi3i X0.0OI31 
o . 09869 



■0.0000173 



= K =0.0000172 



I In a o.oi molar solution the per cent of ionization bas been 
Ifound to be 4.07, from which we obtain the following 
f équation 

( o.oi X0.0407) X(o.oi Xo.0407) ^ 

{0.01x0.9593) 
II. Solubility Product. — Since précipitation methods 
I play an important part in Analytical Chemistry, a con- 
sidération of the mass law in its relation to saturated 
solutions îs of considérable importance. When a sub- 
stance, such as sugar or sait, is placed in contact with a 
liquid, some of the molécules of the solid enter the liquid 
and in accordance with the kinetic theory move about 
in ail directions within the liquid. After a time some of 
them will return to the solid, and as more of the solid 
dissolves the numbcr of molécules returning to the solid 
' will increasc, until the numbcr entering the liquid and 
Ithe number leaving it in a unit of tîme are equal, When 
Ithis condition prevaîls equilibriuin is established and the 
I number of dissolved molécules (molar concentration) is 
constant. The solution ïs said to be saturated. It 
Ebllows, therefore, that in a saturated solution of an acid, 
; or sait there must be an equilibrium between the 
tndissolved soluté, the undissociated molécules in solu- 
ion and its ions. In the case of the difficultly soluble 
Ut, AgCI, this equilibrium may be expressed as follows: 
AgCI'^AgCl;^Ag++Cl- 

•A line ( ) drawn beneath a symbol wil! be used to dénote the 

■ Sndissolved solid, precipitate or residue. 
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and the equilibrium for the Law of Mass Action becomes 

Sînce the solution is saturated, CAgci is a constant quantîty 
and 

CAg"*" • Cci~ = K • CAgCl =K 

Therefore, in a saturated solution of a gîven ionogen the 
product of the concentration of its^ ions ^ is a constant and 

« 

is called the Solubility Product. 

In the following table are placed the solubility products 
at i8° C. of some of the more common substances met 
with in qualitative analysis. 



Substance 


K 


Substance 


K 


HgS 


4.0-10"" 


AgîCrO* 


I.0-I0-" 


CuS 


8.5-IO-" 


Mg(OH), 


3.4-io-»i 


CdS 


3.6-IO-»» 


BaCr04 


1.6- 10-10 


PbS 


4.2'IO-2' 


BaS04 


9.0-10-^° 


CoS 


3.0- 10-" 


AgCl 


8.7-IO-» 


NiS 


1.410-" 


CaC804 


1.710-» 


ZnS 


I.2-IO--2' 


CaCOs 


2.8-IO-» 


FeS 


I.5-I0-" 


BaCO» 


I.9-I0-* 


MnS 


1.410-" 


PbS04 


i.o-io-' 


MgNH4P04 


2.5-10-" 


SrS04 


2.8-IO-' 



The ion product, and therefore the solubility, of a 
substance may be altered in the following ways: 

(a) By the addition of a reagent containing a 
common ion. 

(b) By addition of a reagent which forms with one 
of the ions a slightly ionized compound. * 

* Thîs îs true in the case of ionogens consisting of one cation and one anîon. 
In other cases the solubility product' should contain the ion concentration 
raised to a power equal to the number-of ions that.are alike in its formula, 
e.g., the solubility product for PbCl2 should be written Cpb"^"^'C2a~ =K. 
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(c) By addition of a reagent which unîtes with one 

of the ions to form a complex ion,--''"^' 
'(d) By addition of a reagent which alters the charge 
on one èh the ions. (Oxidation and réduction.) 

(e) By addition of a strong acid or strong base to 
an amphoteric substance, 

12. Common Ion. — -When a soluble chloride, such as 
HCl or \H4Cl, is added to an acid solution of a silver sait, 
jttlver chloride (AgCl) is precipitated. The solution wîll 
: saturàted with respect to silver chloride when the ion 
duct, Caï^Cc]", reaches the solubility product value, 
'Kaïci. for silver chloride. Any further addition of chloride 
tends to increase the ion product above the solubility 
product value. This in turn disturbs the equilïbrium 



Ksc 



AgCI;3;Ag--+Cl- 



■so as to decrease tho concentration of silver ions. Since 
the concentration of the silver ion can be dccrcased only 
by uniting with chloride ions to form non-ionized AgCI 

Ithe solution tends to becomé supersaturated wîth respect 
to AgCl molécules., Some of the silver chloride will there- 
iore be precipitated and the followïng equilibrium will^ 
lesult: 
I AgCl^AgCl^Ag++Cl- 

At 25° the ion concentration of a saturàted solution of 
silver chloride has been fnund to be 1.2- lO"". From this 
ïs obtained for the solubility profluct, 

CA«+Cc-r=K = i.44-io-ii> 

Hter of this solution o.oi mole (0.535 S^n-) of 

nmonium chloride (NHiCi) (86 per cent ionized) is added, 

concentration of the chloride ions is increased by 

01X0.86=0.0086, and Cci" will be 0.0086 -fo.ooooi2 = 

i86i2 or about 700 times as large as in the original 

glutîon. Since CAg'^-Ccr =l-44- 10-"' it wïil be seen 
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that the concentration of silyer ions must decrease to about 
Tins of îts original value. (The student should especiall^; 
note that the completeness with whîch a gîvcn ion may 
be removed from solution in "this way dépends on the 
concentration of the non-ionized molécules in a saturated 
solution, since their concentration is not decreased by 
addition of a common ion. Complète précipitation, from 
the standpoint of \\nalytical Chemistry, is obtained only 
when this value is vcry small. 

13. Slightly lonized Compounds. — The precedîng para- 
graph has shown how the addition of a common ion may 
be used to remove a given ion from solution when the 
compound formed is difificultly soluble. In the same way 
a given ion may be reduced to almost nothing when the 
compound formed is soluble but very slîghtly ionized. 
If to a 0,1 molar solution of acetic acid (HC2H30ï) (1.3 
per cent ionized) a o.i mole of some soluble acétate, such 
as sodium acétate (NaC2H302) (86 per cent ionized), is 
added, the large excess of acétate ions tends to increase 
the speed of union of H+ and CaHyOa" and so shifts the 
equilibrium HC2H302^ H+ +C2H303~ to the left. From 
the équation 

CH+Co^, or_ o 0013X0. ooi3 _j _.,o-a 
Cho,h,o, O , 0987 

it wîll be seen that Chcih,oi cannot Ix.' appreciably increased 
owing to the small concentration of H"'" available. The 
product 00+ ■ Cc^joi" must therefore recover approxi- 
mately its original value. Since on the addition of sodium 
acétate, CcjHjo,' becomes 0.086+0.0013= 0-0873 or about 
60 times îts original value, Ca''"' must be decreased to 
about Fo of îts former magnitude. While the per cent 
of ionization of the sait must aiso decrease because of the 
présence of the acétate ions from the acid, the amount is 
negligible in proportion to îts original value since the 
number of acétate îons is relatîvely so few (0.0013 ■ 0.086). 
Therefore when the compound formed is soluble a giveri 
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îon can bc rcduced to almost notliing only when the com- 
pound is vcry slightly ionized. 

14. Hydrolysis. — Pure water ionïzes to a slight extent 
into H'" and 0H-. Although the ions of water may be 
neglectcd when ail the substances concemed in a given 
reaction are highly ionized, they become quite appréci- 
able and must be taken into considération when the re- 
action involves substances that are very sHghtly ionized 
or difficultly soluble. Experiment has shown that the 
concentration of H"^ and therefore of OH"^ in pure water 
at 25° is lo"~". The concentration of the non-ionized 
molécules is therefore very large in comparison and may 
be considered constant. From the Law of Mass Action, 
then, the product of the concentrations of the ions becomes 
a constant. Since Ch"'' =Coh~ =I0~" we hâve for the 
îon product C11+ -Cou" =I0~'"*. In any solution, there- 
fore, the concentration of H"*" multiplied by the concen- 
tration of 0H~ must equal the ion product constant, 
An increase of H"*" must resuit in a decrease of 
^H~ and vice versa. 

When sodium acétate (NaCaHaOa), a highly ionized . 

|lt, is dissolved in water the concentration of CaHaOs" 

lay become so large that its product with the H"*" of the 

ater will exceed the ionization value for the slightly 

nized acetic acid (HC2H3O2). Some of the C2H3O2' 

Jttd H+ therefore unité to form the non-ionized acid 

hîch momentarily reduces the ion product for water 

bIow io~'*. The resuit is that more water ionizes until 

^e product Ch"'"Cok~ again reaches lo-'''. The student 

^hould note that Cb"^ is now less than Coe" and therefore 

the solution becomes basic. On the other hand, if ferrie 

chloride (FeCU) is dissolved in water the concentration 

*"+ from the highly ionized sait, multiplied by the 

tticentration of 0H~ aiready présent in the water, may 

the ionization value for the very slightly ionized 

iBrrîc' hydroxide and form non-ionized Fe(0H)3. The 

bn product for water is thus momentarily reduced below 
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I0~'*. More water rnust therefore ionize until the prod- 
uct Ch* -Coh" = lo-''* is reached. Ch"*" îs now greater 
thaii CoH~ and the solution reacts acîd. It will be seen 
therefore that the ions of water must be taken into con- 
sidération when a, substance is ïnvolved either one of 
whose ions may unité with one of the ions of water to form 
a very slightly ionized compound. Should the compound 
be difficultly soluble the equilibrium may be shifted to 
completion and a given ion removed from solution. 

15. Complex Ion. — -WTien ammonium hydroxide is 
added to a solution of a copper sait, copper hydroxide 
(Cu(0H)2) is at first prccipitatcd, but on the addition of 
an excess of the reagent the Cu(0H)2 precipitate is dis- 
Rolved and a deep blue solution is obtained. It would 
seem from the foregiong discussion and the principle of 
the Law of Mass Action that an excess of the reagent 
should produce a more complète précipitation as was found 
to be the case with silver chloride (see 12 alx)ve). It will 
be remembered from the study of gênerai Chemistry that 
when ammonia (NHa) is dissolved in water only a small 
portion of it reacts with the water to form ammonium 
hydroxide (NH4OH), the greater part of it remaining in 
the solution as ammonia (NHa). The following equilib- 
rium must therefore exist in the solution: 

H20 + NH3^NH40H^NH4++OH-. 

An examination of the deep-blue copper solution shows 
the présence of the complex ion Cu(NH3)4**- From the 
principle of the solubility product 



Cr..„ 



•c\ 



= K, 



ït is évident that any increase of OH- above that necessary 
to reach the solubility product for Cu(0H)2 must resuit 
in a decrease in the Cu++ concentration. The t^oncen- 
tration of the Cu"'"'' may be decreased either by the form- 
ation of non-ionized Cu(0H)2 and conséquent précipitation 
or by its union with free ammonia to farm the complex 
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[on Cu(NH3)4''"''. The hïgh proportion of free ammonia 
Kand the sHght dissociation of the coraplex ion Cu(NH3)4''"''. 
T both influence the equilibrium toward the formation of 
L the complex ion, hence the net resuit is that the equilibrium 

Cu(OH)2 ^Cu(OH)2^Cu+++20H- 

+ 
4NH3 

11 
Cu(NH3)4+-^ 

will shîft toward the formation of the complex ion and the 
îon product will be decreased below that of the solubility 
product value; more Cu(0H)2 will dissociate and the 
precipitate will pass into solution. The use, therefore, 
of a reagent which will react with a given ion to form a 
complex ion may be made in order to bring a substance 
into solution, to prevent précipitation or to remove an 
ion from the field of action. 

16. Amphoteric Substances. — ^An amphoteric élément 
îs one whose hydroxidc in solution ionîzes both as an acid 
and as a base, i.e., ît produces both hydrogen and hydroxyl 
ions. When a strong acid, such as HCl, is added to a 
precipitate of aluminium hydroxide (AlOaHa) the pre- 
cipitate is dissolved and experiment shows that the alu- 
minium îs présent in the solution as the positive aluminium 
îon (AI"*"*"*"). On the other hand, when a strong base, 
such as NaOH, is added to the aluminium hydroxide 
precipitate, the precipitate is dissolved; but experiment 
shows that the aluminium is présent in the solution as 
[négative aluminate ions (A102~). The foUowing equi- 

ibrium is therefore assumed to exist in a neutral solution 

if aluminium hydroxide: 



A1+ 



^+30H-^A103H3^H+ 
+ H3A103-^H++A102- 



+H2O 



lien a strong acid, furnishing îts hïgh concentration of 
, îs added the above equilibrium is disturbed owing 
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to the union of H+ with the OH- présent to form the 
very slightly ionized water. Non-ionîzed AIO3H3 then 
dissociâtes further to produce more OH- with the final 
resuit that the aluminium hydroxide is dissolved and the 
aluminium remains in solution as AI+ + +; î.e., the equi- 
librium shifts to the left and AlO^Ha acts as a base. When 
a strong base is added the high concentration of OH- 
tends to use up the H+ présent in forming water as above. 
This causes a further dissociation of AlOaHa to produce 
more H+, with the final resuit that the aluminium hydrox- 
ide is dissolved and the aluminium remains in the solu- 
tion as AIO2-; i.e., the -equîlibrium shifts to the right 
and AlOaHs acts as an acid. It should be noted that if 
a weak base, such as NH4OH, îs substituted for the strong 
base mentioned above the effect wtll be vçry much less 
noticeable, owing to the much smaller concentration 
of 0H-. 

17. Oxidation and Réduction. — When iron ïs acted 
iipon by hydrochloric acid, hydrogen is diaplaced and iron 
passes into solution according to the following équation: 

Fe-|-2HCl^FeCl2-|-H2 

Considered from the îonic standpoint this givcs 

Fe + 2H++2Cl--^Fe+++2Ci-+H2 



Now if a stream of chlorine gas is passed through the solu- 
tion a further change takes place as follows: 

Cl2:f2Fe^++4CI--.2Fe+++-|-6Cl-. 

In passing into solution the iron has become positivel 
charged, while at the same time charged hydrogen 
become neutral and neutral chlorine has become negativel' 
charged. 

A free atom may be said to consist of a posîtively 
charged nucleus surrounded by a number of negatively 
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ticliai^ed particles called électrons. Thèse électrons are 
Kcapable of existing independently of the atotn and hence 
■ leave one atom and attach themselves to another, 
iThe mechanism, therefore, of the above réactions may 
' be stated briefly as foUows: An atom of iron, capable of 
losîng électrons, cornes in contact with a hydrogen ion 
(hydrogen atdm — one électron). Two électrons leave the 
jatom of iron and attach themselves to two hydrogen ions, 
tvhîch are'^îri turn neutralized. The loss of thèse two 
électrons has, therefore, left the iron posîtively charged. 
i thesecond reaction a chlorine atom, capable of holding 
(an additïonal électron, comes in contact with an irop ion 
ind receives an électron from it. The chlorine, therefore, 
œcoroes negatively charged while the iron rcmains with 
ï higher positive charge. 

The quantity of electricity équivalent to that carried 
an électron is called a " unit charge" and may be 
rither positive or négative in character. The number 
pi excess "unit charges" carried by an atom or îoh is 
«umerically equal to its valence. Valence, therefore, 
ïiay be either a positive or a négative number depending 
on whether the atom or ion holds less or more électrons 
than is sufficient to neutralize the positive nucleus. It 
follows, therefore, that the valence qf an élément in the 
free state is zéro and that the algebraic sum of the positive 
and négative valences in any compound is zéro. Ozida- 
tion ccmsïsts in the loss of one or more électrons by an 
atom or ion, i.e., an algebraic increase in valence. Réduc- 
tion consists in the addition of électrons to an atom 
: ion, i.e., an algebraic dscrease in valence. It will be 
, therefore, that oxîdation and réduction must accom- 
ny each other and be équivalent in amount; i.e., in 
[ given reaction if an élément or ion loses one or more 
■ons those électrons must attach themselves to some 
her élément or ion. 
In writing équations of oxidation and réduction the 
Student should first write the skeleton équation; e.g., 
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when H2S îs passed into a solution of HXOs free sulphur 
îs produced and the HXO3 îs reduced to nitric oxîde (NO). 

H2S + HXO3 -^ S + XO + H2O 

He should then note any change in valence, î.e., what 
éléments hâve lost or gained électrons during the réaction, 
and the number lost or gained by each atom. In the 
above équation sulphur has changed from a valence of 
négative 2 in H2S to zéro in free sulphur; i.e., each atom 
of sulphur has lost 2 électrons. Nitrogen, on the other 
hand, has changed from a positive valence of 5 in HNO3 
to positive 2 in XO; i.e., 3 électrons hâve attached them- 
selves to each nitrogen atom. Since the total number 
of électrons lost by one élément must be equal to the total 
number gained by the other, it is évident that 3 molécules 
of H2S will fumish just enough électrons to supply those 
necessary to change the nitrogen in 2 molécules of HNO3 
to NO. The balanced équation, therefore, becomes 

3H2S+2HN03-> 3S+2NO+4H2O 

For purposes of balancing équations of oxidation and 
réduction the valence of combined hydrogen should always 
be considered as positive, i and that of combined oxygen 
as négative 2. 

A few of the more important oxidizing and reducîng 
agents are given in the folio wing table: 

Oxidizing Agents Reducing Agents 

1. Halogens (Cl, Br, I) i. SnCl2 

2. HNO, 2. H2S 

3. Aqua regia 3. Nascent hydrogen 

4. KCIO4 4. SO2 

5. NazOî 5. H2C2O4 

6. K2Cr207 6. Alcohol 

7. KMnO« 

8. PbOî 
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Qualitative Analysis has to do with both dry and wet 
reactions. The dry reactions are those used largely in 
blow-pipe analysis and will not be considered hère. Since 
wet reactions will be used almost exclusively in this out- 
line a brief considération of some of the most important 
processes is gîven. 

Filtratîon. — Since a finely divided precipitate not only 
tends to pass through the filter and so make its séparation 
difficult but a!so tends to clog the filter paper and thus render 
the process of filtration slow and tedious, it is necessary to 
hâve the particles as large as possible. This is accomplished 
most effectively by adding the precipitating agent slowly 
to a hot solution. Whenever permissible, time will usually 
be saved by filtering a solution while hot, since hot water 
passes through the filter paper more rapidly than cold water, 

The rate of filtration is aiso influenced very largely 
by the position of the filter paper in the funnel, The paper 
should fit closely against the funnel so that no air passages 
exist between. This may be accomplished by foldîng the 
circular filter paper in haif and then folding again as shown 
in Fig I. The second fold should be pinched together 
at the point, opened between the longer fold so as to form 
an inverted cône and pressed gently into the funne! until 
it fits snugly against the glass ail the way around. With- 
out removing it from the funnel the second fold may now 
be creased and the paper wet with a stream of water 
blown from the wash bottle to hold it in position (Fig, 2). 

Wash Bottle. — After checking in his apparatus each 
:udent should make a wash bottle, using a 500 ce. or 
■50 ce. Florence flask. The wash bottle should be made 
sufïîciently compact so that it can be easily held and the 
nozzle manipulated with one hand. A convenient form 
is shown in Fig. 3. 

Record of Results.^The student should keep a careful 
id accurate record of ail résulta obtained in his analysis 
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of " unknowns." The keeping of thîs record not only 
enabJes the student to understand the principles învolved 
and to follow the procédures more easily, but also it often 
enables the instructor to détermine the causes of errors 
and so help the student to avoid repeatîng them. The 





following form for " unknowns " has been found to be 
very easily kept and quite satisf actory : 



No. 


Substance 


Reagent 


Resuit 


Conclusion 


, 


Unknown 


NH.C1 


White ppt. 


Group I présent 


2 


Ppt. I 


aN. HCl 


Whiterea. ' 


PbCl,.Hg,CI,.AgCl 




Fil. 3 


H^ 


Soin. 


NoBiorSb 




Rea. î 


Hot H,0 


White res. 


H8,Ci,.agCI 




FU.4 


H,SO, 


Soin. 


NoPb 


6 


Res. 4 


NHiOH 


Black res. 


Hg présent 


7 


Fa.6 


HNO, 


White ppt. 


Ag présent 
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The student wîU also find it of considérable benefit 
to keep a record of his results obtained in preliminary 
experîments by underlîning and notîng the color of ail 
précipitâtes in outline form similar to that of Table I and 
the following tables. 
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THE SYSTEMATIC ANALYSIS 
Cations — (métal îons) 
Préparation of Solution 

If the unknown substance is a liquid or solution 
treat by (i); if a solid non-alloy treat by (2) and if an 
alloy treat by (3). 

For the purpose of a complète qualitative analysis the 
unknown should be divîded into four parts as follows: 

First part for organic matter and gênerai infor- 
mation. 
Second part for analysis of cations (métal ions). 
Third part for analysis of anions (acid ions). 
Fourth part for spécial tests and in case of accident. 

(i) Unknown Liquid. — ^Test with litmus for acidity. 
Evaporate a known volume to dryness in a porcelain dish 
and note the amount of residue. If organic matter may 
be présent test the residue by/4). In case organic matter 
is known to be absent treat an amount of the solution 
which contains about i gram of solid by (10). 

(2) Unknown Solid (non-alloy). — Treat a small portion 
(about o.i gm.) of the finely powdered substance for 
organic matter by (4). If organic matter is abs^t 
add to another small portion in a test-tube 10-15 ce. of 
water, and shake the mixture thoroughly.' ïf it fails to 
dissolve, heat to boiling. In case the substance is insoluble 
in water try to dissolve another small portion in 5 ce. of 
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6N. HNO3. From the knowledge gained by the above 
tests treat about l gram of the solid according to (a), (6) 
or (c). 

(a) If the substance is soluble in waler or dilute 
HNO-i, dissolve about i gram of it using as 
little of the 6N. acid as possible (see Discus- 
sion 3) and treat by (10). 
(&) // the substance is soluble in dilute HCl, dissolve 
about I gram. If more than 5 ce. of the 6N. 
HCl is used evaporate the solution to 5 ce. 
(see Discussion 3) dilute with water to a volume 
of 100 ce, and treat by (20). 
(c) // the substance is insoluble in dilute acid, add 
to about I gram of the finely powdered sub- 
stance in a porcelain dish 6 ce. of 12N. HCl, 
cover the dish with a watcli glass and beat 
gently, (See Discussion 4.) If a residue 

remains, cool, add 2 ce. of 16N. HNO3 and 

heat the mixture. In either case finally evapo- 
rate just to dryness, moisten the residue with 
12N. HCl and again evaporate to dryness. 
Heat the residue to 120-130° till it is thoroughly 
dry, keeping the dish in motion over a small 
flame. Loosen the residue with the end of a 
glass rod, add just 5 ce. of 6N. HCl (see Dis- 
cussion 3} and pulverize with the rod any large 
particles. Cover the dish and warm the mix- 
ture, taking care that none of the acid évapo- 
râtes. Add 10 ce. of water and heat to boiling. 
Filter while hot, treat the filtrate by (20) and 
the residue by (5), (6) or (7). (See Discus- 
sion 5.) 

(3) Unknown Solid (Alloy). — To about 0.5 gram of the 
finely divided material in a porcelain dish add 10 ce. of 
6N. HNO3, cover with a watch glass and warm gently 
as long as the action continues, adding small portions of 
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i6N. HNO3 from tîme to time ïf the action îs renewed 
thereby. Finally evaporate j ust to dryness, add j ust 
5 ce. of 6N. HXOa and 15 ce. of water. Heat to boiling, 
and if a residue remains, filter, treat the filtrate by {10) 
and the residue by (2, c). (See Discussion 6.) 

(4) Organic Matter. — To détermine whether organic 
matter is présent in an unknown a small portion of the 
solid is placed in a hard glass test-tube or in a glass tube 
closed at one end and heated to dull rednesa. If the sub- 
stance chars (a black color may be due to certain mctallic 
oxides) and emits a burnt odor, organic matter is présent 
and should be removed as follows fsee Discussion 7). 
Place about i gram of the solid substance (more if the 
amount of organic matter is large) in a porcelain dish 
and heat gently with 5 ce. of conc. HjSO^ until it is well 
charred. Cool, add slowly and with constant stirring 
16N. HNO3 until violent action ceases. Warm gently for 
a few minutes and then heat more strongly, keeping the 
contents well stirred, until the substance is thoroughly 
charred. Repeat the proct-ss until the mixture becomcs 
lîght straw colorcd and remains so when strongly heated. 
Treat by (a) or (b). 

(c) // tke substance has dissolved completely, evapo- 
rate under a hood to 1.5 ce, cool and pour 
the contents into 15 ce. of water. If there is 
a residue, heat to boiling and boil as long as 
it seems to be dissolving. Filter off any 
remaîning residue, wash thoroughly and treat 
by (6). Treat the filtrate by (10). 
(i) Ij the substance has not dissolved completely 
transfer to a platinum crucible and treat by 
(5), or if the platinum crucible is not available, 
evaporate to 1.5 ce. as in the preccding para- 
graph, pour the contents into 15 ce. of water, 
L heat to boiling, filter, wash thoroughly and treat 

^ the filtrate by {10). Treat the residue by (7). 
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I Treatment with H2F2. — ^Transfer the residue from 
(2, c) or the mixture from (4, b) to a platinum crucible, 
add cnough conc. H2SO4 to make a total volume of 3 ce, 
(see Discussion 3); heat the mixture with a movlng flame 
until the thick white fumes of H2SO4 appear. 

To test for silicate or silica add carefully from a loop 
of a platinum wire 5-6 drops of pure conc. H2F2 and warm 
the mixture over a steam bath. The formation of gas 
bubbles shows the présence of silica or silicate. (See 
Discussion 5.) 

Now add 2-5 ce. more of the pure conc. H2F2, cover 
the crucible and dîgest the mixture on the steara bath for 
about fifteen minutes uniess solution takes place more 
quickly. Remove the cover and evaporate carefully until 
the white fumes of H2S04 appear. Treat by (a) or (b). 



L 

due obtained in (2, c) or (4, a) with 10 parts of solid Na2C03 
and 20 CG. of water and boil the mixture for about five 
minutes. Filter and reject the filtrate (see Discussion 8). 
Wash the residue and dissolve it by adding 6N. HCl until 
the solution remains acid; thcn add just 5 ce. more of 
the acid and 10 ce, of water. Filter if necessary and treat 
the filtrate by (20), If thcre is a residue undissolved by 
this treatment treat it by (7). 



(a) If there is no residue or precipitate evaporate 
carefully to dryness. If there is still no residue, 
or only an insignificant one, the material con- 
tained only silica or silicate and may be dis- 
carded. 

{b) If there is a residue or precipitate pour the con- 
tents of the crucible into 15 ce. of water, rinsing 
out the crucible with the resulting solution. 
Boil the mixture gently as long as any of the 
residue seems to dissolve. Filter and treat the 
filtrate by (ro). Wash the residue with iN. 
HaSOi, rejecting the washings, and treat by (7). 
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(7) Fusion with NazCOa.— Mix the residue from (2, c), 
(4, b) or (6) with ten times its weight of Na2C03 in a platî- 
num or nickel crucible (see Discussion 9) and beat over a 
very hot flame until complète fusion takes place. If 
necessary to secure a clear fusion, add 0.1-0.3 gram of 
NaNOg (see Discussion 10). Cool, place the crucible and 
contents in a dish and add carefully 6N, HCI until the 
solution is acid. Evaporate to dryness and beat to 120- 
130° to render the silîca insoluble. Add just 5 ce. of 
6N. HCI (see Discussion 3) and 10 ce. of water and heat 
to boiling. Filter to rcmovc silica and treat the fiitrate 
by (20). 

Discussion 

1. Difficultly soluble solids arc more easily brought 
into solution if tbcy hâve previously been reduced to a 
fine powder. Thîs is usually done by grinding the solid 
in a porcelain or agate mortar. In the case of very hard 
substances, such as certain minerais and rocks, a beavy 
porcelain or iron mortar should be used to reduce them 
to small particles. 

2. The preliminary tests with water and dilute acids 
should be carried out, since they furnish important indi- 
cations as to the nature of tbe constituents présent and 
often enable the analyst, especially the beginner, to obtain 
a solution more quickly and easily. 

3. In order tbat tbe solution may hâve the proper 
acid concentration for the précipitation of Group II mctals, 
just 5 ce. of 6N. acid should be présent. If, thercfore, 
the sample can be dîssolved by the use of 5 ce. of 6N. acid, 
a considérable saving of time will be obtaïned. 

4. A mixture of HCI and HNO3 (3 : i), known as 
aqua regia, is a very powerful oxidizing agent and îs often 
used very effectively as a solvent. It should be used, 
however, only in case dilute acids or conc. HCI prove 
ineffective, since compounds comparatively soluble in 
thèse reagents may be rendered insoluble by îts oxidizing 
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action; e.g., antimony and tin compounds may be oxidized 
to insoluble antimonic oxide (SbaOa) and metastannic 
acid (HaSnOa)!. respectively. The action of 12N. HCl is 
noted, therefore, before the HNO3 is added. 

Such substances as Mn02 and Pb02 are reduced and 
dissolved by 12N. HCl. Hot 12N. HCl slowly dissolves 
such oxîdes as SbaOs, SnOs, FeaOg and AlaOg. Upon 
the addition of conc. HXOa, gold, platinum and HgS are 
dissolved. Silver compounds are changed by HCl to 
AgCl, somewhat soluble in concentrated acid but left 
almost completely in the resîdue on the subséquent addition 
of dilute HCl. 

5. A residue undissolved by aqua regîa may consist 
wholly of silica or silicates. The H2F2 treatment décom- 
poses most silicates with the formation ot SiF4, a gas 
insoluble in conc. H2SO4, and hence voiatilizes. The 
treatment is, therefore, very effective for decomposing 
rocks, ores or other substances whîch might contain 
silica or silicates. 

The residue undissolved by H2SO4 may contain the 
sulphates of barium, lead, strontium, calcium and chro- 
mium. If may also contain bismuth as basic sulphate 
and antimony as Sb205 along with undecomposed AgCI, 

6. Most alloys are attacked by conc. HN'Os, ail of the 
éléments présent going into solution except antimony, 
tin, Carbon and silicon. Antimony, tin and sîHcon are 
oxidized to SbaOs, (HsSnOï)" and H2Si03 respectively, 
a!l of whîch form white amorphous précipitâtes. 

Certain alloys, especially those containing îron and alu- 
minium, are more readily attacked by HCl. Treatment 
of the residue with HCl and aqua regia not only brïngs 
thèse alloys into solution but tends to dissolve the oxides 
of tin and antimony formed by HNO3. The HNO3 
treatment is made first in order to remove any silver or 

1 which would bc precipitated as chlorides if aqua regia 

; used. 

7. Certain kinds of organic matter, such as sugars, 
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tartaric acid, etc., prevent the précipitation of aluminium 
and chroniium hydroxides. Large quantities of organic 
matter of any kind interfère in précipitations, filtrations, 
etc. Therefore, if organic matter is présent it should be 
removed before beginning the systematîc analysis. Organic 
matter may be removed by the HaSO* and HNO3 treat- 
ment as outlined, or by îgnition. The lattcr, however, 
îs înadvisablc in a systematic analysis since such substances 
as mercury and arsenic are volatilized thereby. 

8. The sulphates of barium, lead, strontium, calcium 
and bismuth are converted into carbonates by boiUng with 
NaaCOa. A second treatment is sometimes necessary 
to couvert ail the barium into the carbonate. The car- 
bonates are readïly dissolved în HCl. Anhydrous chromîc 
sulphate is converted into the hydroxîde by boiling with 
NazCOg. The hydroxîde is soluble in HCl. AgCl is only 
slightly attacked by the NaaCOa solution. 

9. Most substances are decomposcd and rendered 
soluble by fusion wîth NaaCOs, the basic cléments form- 
ing carbonates and the acîdic éléments forming sodium 
salts. In some cases, however, the carbonate is decom- 
poscd with the formation of the oxide or even the métal. 
For this reason care must be exercised in the use of a plat- 
inum crucible, sînce thèse metala readily alloy with the 
platinum. Substances which might contain any of the 
metals in Groups I and II should not be fused with an 
alkali flux in platînum. Although a nickel crucible may 
be used, the latter is attacked to such an cxteut that a 
subséquent test for this élément or for the alkali metals is 
rendered unrelîable. 

10. The addition of NaNOa to the NaaCOs fusion 
serves to oxidize certain substances not acted upon by the 
NaaCOs alone. Sulphides are oxidized to sulphates, 
chromium compounds to chromâtes and manganèse com- 
pounds to manganates. If the fusion is to be made în 
platinum the quantîty of NaNOa added should be as 
small as possible. 
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Prelminary Experiments 
+ + + , Sb + -^+, Pb++, Hg+, Ag+ 



In connection with the foUowing experiments study 
'Table I. 

Ezperiment i.— Introduce into separate test-tubes 
5 ce. portions of the test solutions containing the above 
ions. Test for acidity with litmus paper and if not already 
acïd make distinctly acid with 6N. HNOn. In each case 
dîlute with water to a volume of lo ce. and add NH4CI 
as long as a precipitate continues to form. Decant, or 
filter if necessary, and treat the précipitâtes as directed 
in Exp. 2. Write équations. 

Notes. — ^Water, though very slightly ionized, reacts with salts of the 
less basic raetals to forrn osy-compounds or even acîds. This reaction 
is called hydrolysis. The ionization of water îs prevented in laige meas- 
ure by the présence of strong acids or strong basei^. Bi and Sb are both 
weakly basic in charaeter and hence tend to react with the water. This 
tendency is aided either by a hîgh concentration of their salts or by a low 
concentration of add. The addition of NH,C1 as directed above, there- 
fore, may or may not give a precipitate, since the neutral chlorides are 
soluble. (See Introduction 14). If hydrolysis occurs, however, the 
change may be considered to proceed as foUows: 

Bicu^ Bi(OH)ia^ Bioa 

H Experiment 2. — To each of the above précipitâtes 
JfExp. i) add 5-10 ce. of cold 2N. HCl and mix thoroughly. 
Note the solution of BiOCl and SbOCl, (Différence, 
séparation of Bi and Sb.) Filter ofï the solution from 
the PbCb and saturate the filtrate with H2S. Saturate 
the solutions containing Bi + + + and Sb+ + + with HjS, 
Write ail équations. 

Ezperiment 3.— Add to the précipitâtes of PbCb, 
HgaCla and AgCl (Exp. 2) 10 ce. of boiling water. Note 
the solution of PbCb. (Différence, séparation of Pb.) 
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Ezperiment 3a. — Divide the PbCU solution (Exp. 3) 
înto two parts and add K2Cr207 to the one and H2SO4 
to the other. Note the color and nature of the précipi- 
tâtes formed. Write équations. Which of the above 
reagents should give the more satisfactory test for Pb++. 

Ezperiment 4. — Decant the liquid from the residues 
of Hg2Cl2 and AgCl (Exp. 3) and add NH4OH as long 
as the reaction seems to continue. Note the solution of 
AgCl. (Différence, séparation of Hg.) 

Notes. — In the présence of NH4OH, Hg2Cl2 is changed by auto- 
oxidation to white HgNHjCl and black, finely divided Hg. A part of 
the mercury in its réduction to the metallic state oxidizes the remainder 
to the bivalent condition. The compound HgNHaCl may be considered 
to be formed from HgCU by replacing a chlorine atom by the univalent 
radical (NH2). The reaction proceeds as follows: 

HgaCl, + 2NH40H-^ HgNHjCl +Hg +NH4CI + 2H2O. 

A solution of NH4OH contains a considérable proportion of NHs 
molécules which unité readily with Ag"*" to form the complex ion 
Ag(NH,),+. Therefore, when AgCl is treated with NH4OH: the Ag+ 
is removed by the formation of the complex Ag(NH2)8"*" which shifts 
the equilibriimi toward the formation of more Ag"^ (Le Chatelier*s Prin- 
ciple) with the resuit that the AgCl is dissolved. The reaction proceeds 
as follows: 

AgCl + 2NH, ^ Ag(NH,)2Cl 

Ezperiment 5. — ^Acidify the solution of Ag(NH3)2Cl 
(Exp. 4) with HNO3. A white precipitate of AgCl is 
obtained, owing to the removal of NH3 in the réversible 
action above. 
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TABLE I 
E Systematic Séparation a ni 
Ions présent in acid sol ut 



Détection of Group I 



ReagMt 


Bi^-H- 


Sb+++ 


Pb-H- 


He+ 


Ag+ 


i NH,C! 

S HCKjN) 
H,S 

S HîO (Hol) ■ 
(a) KjCnO, 
(*) HîSO, 

■4 NH.OH 


Bioa (?) 

BiCU 
i 


SbOCl (?) 
SbCU 

. i 


PbO, 

fa) PbCiO, 
(H PbS04 
i 


S-S&: 

HgNH^+Hg 


AgCl 

i 

Ag(NH,)rfn 
AgCI 



Dutllaed in Gnmp II. 



Bi+ 



, Sb+ 



. Pb+ 



. Hg-, Aè+ 



(lo) Précipitation. — To about 25 ce. of the solution 
lof the substance acitiified with HNO3 (see Discussion il) 
■add NHiCl solution as long as a precipitate continues to 
iform, Mix thoroughly and allow the mixture to stand 
Kor two or three minutes. Filter and treat the precipitate 
Iby (il). Reserve the filtrate for analysis of Group II. 
1<[20). 

(il) Séparation of Bismuth and Antimony. — Pour re- 
leatedly through the filter (10) a cold 10 ce. portion of 2N. 
■ÎCI. Treat the residue by {12). Dilute the filtrate with 
equal volume of water and saturate with H2S. A 
prown precipitate indïcates the presenee of bismuth. An 
prange-red precipitate indicates the présence of antimony 
jid the absence of bismuth. Confirmatory tests may 
I made according to the methods outlined in Group II, 
■ the precipitate may be added to that of the Group II 
ulphide (20) and analyzed according to the gênerai scheme. 
(12) Séparation and Détection of Lead. — Pour re- 
latedly through the filter (il) a 10 ce. portion of boiling 
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water. Cool, acidify with HCïHgOa and add a slight 
excess of K2Cr207 solution. The formation of a yellow 
crystalline precipïtate shows the présence of lead. If 
lead has been found, wash the resîdue left by the hot 
water, and treat it by (13). (See Discussion 14.) 

{13) Détection of Mercury. — Pour repeatedly through " 
the filter (12) a 5-10 ce. portion of NH^OH. A black 
residue left on the filter paper shows the présence of 
mercury. Treat the filtrate by (14). 

{14) Détection of Ag. — Acidify the filtrate (13) with 
HNO3. The formation of a white curdy precipïtate undis- 
solved by the HNO3 shows the présence of Ag, (See Dis- 
cussion 15.) 

Discussion 

11. The chlorides of lead, silvcr and mercury (ous) 
are insoluble in acid of moderate concentration but tend to 
redissolve in strongly acid solutions, owing to the forma- 
tion of complex ions such as AgCb", If the solution 
to be tested is strongly acid with an unknown acîd it should 
be nearly neutralized with NH4OH Ijefore the addition 
of NH4CI. Complète neutralization causes the précipi- 
tation of métal hydroxides and oxy-compounds which may 
not readily dissolve on the subséquent addition of acid. 
It is préférable, therefore, not to completely neutralize 
at this time. 

12, Owing to the rather high solubîlity product of PbCU 
it is often incompletely precipitated în Group I. Ils 
solubility, however, is considerably Icssened by the addi- 
tion of a large excess of NH4CI because of the common 
ion effect. The mass-law équation representing the solu- 
bility product of PbClï is Cpb + + ■ C^cj- =K. Since the prod- 
uct of the concentrations of its ions must under ail con- 
ditions hâve a definite value it is readily seen that an 
increase of Q- must resuit in a decrease of Pb++. The 
Pb+''', however, can decrease only by forming non-ionîzed 
PbCla, and if the solution is saturated with respect to 



DISCUSSION (ir-15) ; 

PbCb molécules, précipitation tnust take place. The reac- 
(tion may be represented by the following equilibrium; 

PbCla ^ PbCb^ Pb++ +2CI- 

13. As was pointed out in the preliminary experi- 
Iments, the précipitation of bismuth and antimony in this 
Igroup is due to hydrolysis. Application of the Law of 
Mass Action to this reaction shows that their précipitation 
may be practically or wholly prevented not only by an 
excess of acid but aiso by an excess of chloride ion. For 
the solubility product of BiOCl we hâve the expression 
ICbi'''"'"^'Co -Cci" =K. The excess of H+ from the acid 
unités with the O — to form the very slightly ionized H20 
and so reduces the concentration of O — . This in turn 
tends to reduce the ion product and hence causes the 
^Bî to remain in solution. An excess of Ci~ would tend 
shift the equilibrium toward the formation of non- 
bnized BiCU and so reduce the concentration of Bi+++. 
The resuit again is to reduce the ion product and prevent 
précipitation. Thesamereasoningapplies to the formation 
of SbOCl. (The student should make the application.) 

114. The solvent action of hot water on PbCla is some- 
hrhat slow, hence the necessity of pouring the water 
lepeatedly through the filter containing the mixed chlorides. 
yUiy undissolved PbCU left on the filter may react with 
Hie NH4OH, subsequcntly added for the séparation of 
mercury and silver, to form a basîc chloride, PbOHCl. 
This causes a turbidity in the filtrate containing the dis- 
solved silver. The présence of this, howcver, does not 
nterfere with the test for silver, since it ïs readily dis- 
Èolved by the HNO3. 

15. The présence of a large quantity of mercury 
aiders the test for silver less délicate, owîng to the reduc- 
l action of free mercury on the silver sait. 

Hg+2AgCl->HgCb+2Ag 

The silver thua reduced is insoluble in NH4OH and 
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is, thereforc, left in the residue mixed wîth the HgNHsCl 
and free mercury. In case the quantity of silver is relatively 
small as compared to the mercury ît mîght be completely 
reduced and hence remain in the residue. If a heavy 
black residue is obtained on the addition of NH4OH and 
silver is not found in the filtrate, the residue shouid be 
tested for silver as follows: Dissolve the residue in a small 
quantity of aqua regia, dilute wtth water and filter oflf 
the dissolved mercury. Leach the residue with NH4OH 
to dissolve any AgCI, and test the filtrate for silver as 
outlined in Analysis (h)- 



Group II 

Preliminary Experiments 

Group n, Copper Division 

Hg++, Pb++, Bi+ + -^, Cu+ + , Cd+ 



-4 



In connection with the following experiments study 
Tables II and III. 

Experiment 6. — Dilute separate 5 ce. portions of each 
of the test solutions contairing the above ions with an 
equal volume of water and saturate with H^S. Allow the 
précipitâtes to settle; then decant off the supernatant 
liquid (filter if necessary) and wash each of the précipitâtes 
by décantation with about 10 ce. of water in order to 
remove the remaining acid. Write équations. 

Experiment 7. — To each of the above précipitâtes 
(Exp. 6) add 10 ce. of 2N. HNOa and heat to boîling. 
Note the insolubility of HgS. (Différence, séparation of 
Hg.) Write équations. 

Note. — If too strong HNOi is added or if the boiling is long continued 
the HgS is largely converted into a white diflicultly soluble substance of 
the probable formula 2HgS'Hg(N0j)î while some rnay be completely 
dissolved as Hg(NOj)î. 
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Experiment ya. — Pour off the Hquid above the rcsidue 
of HgS (Exp. 7) and add 5 ce. of aqua regia (3 parts of 
12N-HCI to I part of lôN-HNOa) and warm gently untïl 
solution is complète. Evaporate almost to dryness, add 
5-10 ce. of water and then stannous chloride (SnCb) 
t drop by drop. Write équations. 

Notes. — The failure of the HgS to dissolve ia ïN. HNOj is due not 

only to the stnall number of its ions in a saturated solution but also to 

the slow removal of the sulphide ion by oxidation with the dilute HNOi. 

Aqua regia is a much stronger oxîdizing agent. It readily oxidizes the 

I Buîphide ion and so brings the mercuiy înto solution. 

HgClj is reduœd t'y white HgiCli by the action of SnCli. This is then 
further reduced to f ree Hg by an excess of SnClj, hence the change in color 
from white to gray. 

Experiment 8. — To each of the solutions containing 
Pb++, Bi+ + + , Cu-^+, and Cd++ (Exp. 7) add i ce. conc. 
i H2SO4 and evaporate until the white fumes of SO3 begin 
* to appear. Cool and add 10 ce, of water. Note the fact 
I that PbSOi remains insoluble, (Différence, séparation of 
I Pb.) Write équations. 

Notes. — PbSO» is somewhat soluble in HNOj. In order to effect a 
coaqdete preripitation of lead it is necessary to remove the HNO,. This 
may be done by evaporation since the boiling-point of HNO, (120.5°) 
is so much lower than that of the HîSOi (338°) . The appearance of the 
white fumes of SOj is évidence of the complète removal of HNOj. 

1(504)1 ordinarily dissolves on the addition of water but if much 
bismuth is présent a coarsely crystalline precipitate of (BiO)îSOi may 
t slowly when cold, and more quickly whcn heated. 



Experiment 8a.— Decant or filter ofF the clear liquid 
from the insoluble PbS04 and dissolve it by shaking with 
10 ce. of ammonium acétate (NHiCaHgOa). Acidify the 
solution with HCaHsOa ahd add a few drops of K2Cr207. 
The precipitate is PbCr04. Write équations. 

Note. — ^PbSO, is soluble in NHiCîH.O, owng to the formation fif the 
very altghtly îonized Pb(CsH,Oi)i. It should be remembered that most 
Balts are highly ionized. (See table, Introduction, g.) 
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Experiment 9. — To each of the solutions containing 
Bi++ + , Cu++, and Cd + + (Exp. 8) slowly add NH^OH to 
distinctly alkalîne reaction. Note the formation of a 
permanent white precipitate of BiOOH. The précipitâtes 
of Cu(0H)2 and Cd(OH)3 redissolve on the addition of 
an excess of the reagent. (Différence, séparation of Bi.) 
Write équations. 



Note. — According to the Law of Mass Action the limit of solubîlity 
of any acid, base or sait is reached when the pnxiuct of the concentra- 
tion of its ions equals a certain maximum, called the solubiîity product. 
(Conc. of pos. ionsXConc. of neg. ions=a const., soiubility product.) 
If NHjOH is added to a bismuth sait, précipitation of BiOOH begins 
when enough 0H~ hâve been added to reach the solubihty product for 
BiOOH. The greater the concentration of 0H~, î.e., the greater the 
excess of NHjOH, the smaller must be the concentration of the Bi"'' + "*' 
and hence the more complète the précipitation. It wîll be recalled, 
however, that an addition of an excess of NH^OH dissolves both CuCOH), 
and CdfOH)s. This is explaîned by the fact that the Cu++ and Cd+ + 
unité with HN. to form the complex ions Cu(NH,).++ and Cd{NH.)i+ + 
(See Introduction 15.) This removes the Cu"*"+ and Cd''"+ as such 
and prevents their précipitation, The Bi ■** ++, incapable of forming a 
complex ion with NHj, must be reraoved by précipitation as indicated 
above. 
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Experiment ga. — Decant or fitter ofï the clear liquid 
from the precipitate of BiOOH and dissolve it in a few 
ce. of 6N. HCI. Evaporate to about i ce. and pour into 
a large volume of warm water. Filter ofF the white milky 
precipitate of BiOCI and pour over the precipitate on the 
filter paper a freshly prepared solution of sodium stannite 
(NaaSnOa). (See Appendix i.) The black residue is 
finely divided bismuth. Write équations. 




Note. — The solution of BiCl, is evaporated to remove the excess 
of HCI in order to promote hydrolysîs. (See Preliminary Exp. i, also 
Introduction, 14.) 

Experiment 10. — Dïvide each of the solutions contain- 
ing copper and cadmium (Exp. 9) into two parts. Acidify 
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the first portion of each with HC2H3O2 and add a few 
drops of K4Fe(CN)6. Note the color of the précipitâtes 
formed. (Différence, détection of Cu.) Write équations. 
To the second portion containing copper add KCN 
(Care, Poison) until the blue color just disappears; then 
add an equal volume to the second portion containing 
cadmium. Saturate each with H2S. Note the formation 
of insoluble CdS. (Différence, détection of Cd.) 

Note. — ^Excess KCN reacts with salts of copper and cadmium to 
form the complex ions Cu(CN)2++ aad Cd(CN)4++. The Cu(CN)4++ 
first formed immediately décomposes into Cu(CN)2''" and C2N2. The 
C2N2 reacts with NH4OH to form NH4CNO and other more or less com- 
plex substances. The failure to obtain a precipitate with H2S is évidence 
that not enough Cu"^ or Cu "'""'" is présent to reach the solubility product 
for CU2S or CuS and shows that the complex ion Cu(CN)2'^ is only very 
slightly dissociated. On the other hand, the complex ion Cd(CN)4"'""*' 
must be dissociated to a considérable extent since it produces sufficient 
Cd++ to reach the solubility product for CdS. The reactions proceed 
as follows: 

2Cu(NH,)4S04 +4KCN -> 2KCu(CN)2 +C2N2 +4NH, +K2SO4 
Cd(NH8)4S04+4KCN-> K2Cd(CN)4+4NH, +K2SO4 
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TABLE II 

OUTLINE FOR THE SYSTEM ATIC SEPARATION OF GrOUP II 

(Séparation 'iNTO Cu and Sn Divisions) 
Ions présent in 0.3N. H Cl solution 



> 



No. 


Reagent 


Hg++ 


Pb-H- 


BiV 


Cu++ 


Cd++ 


+ + 
As + 

or 

+ + + 
As + + 


+ + 
Sb + 


Sn-H- 
or 


I 


H,S 

(NH4)3Sx 


HgS 
HgS 

1 


PbS 
PbS 

1 


BijS, 
BijS, 

1 


CuS 
CuS 

1 


CdS 
CdS 

1 


AstSt AstSft 


SbA 
(NH4)tSbS4 


SnS or SnSs 


3 


(NH4)»As84 


(NH4)2SnSt 


3 


6N. HCl 


i 


i 


i 


i 


i 


AssSft 

i 


SbfSs 
i 


SnSs 

i 



Analysis 
Group n 



+ + 



Hg++, Pb++, Bi + , Cu++, Cd++, 

+ + + + + ++ ++ 
As + , As ++ , Sb + , Sn++, Sn^"*^ 

(20) Précipitation. — Dîlute the filtrate (lo) which 
should contain just 5 ce. of 6N. acid (see Discussion 16) 
to 100 ce. and saturate with H2S. Filter, beat the filtrate 
to boiling and again saturate with H2S. 

If no further precipitate forms reserve the solution for 
analysis of Group III (50) and treat the precipitate by (21). 

If a further precipitate forms (see Discussion 17) 
evaporate the mixture to dryness, moisten the residue 
with conc. HCl and evaporate to dryness again to remove 
ail HNO3. Add 10-15 ce. of 6N. HCl, beat to boiling 
and pass H2S into it for five to ten minutes. Filter, unité 
the precipitate to that above and treat by (30). Reserve 
the filtrate for analysis of Group III (50) . 

(21) Séparation of the Copper and Tin Divisions. — 
Transfer the precipitate (20) to an evaporating dish, add 
10-15 ce. of (NH4)2Sx reagent, cover the dish with a watch 
glass and warm the mixture for about five minutes. (Do 
not boil.) (See Discussion i8.) Dilute with an equal 
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volume of water and filter. A second treatment with 
(NH4)2Si reagent should be made if thc residue is large 
and much was cxtracted hy the first treatment. Wash the 
residue with hot water (sec Introduction 3, /) and treat it 
by (30). Treat thc filtrâtes separately by (22). 

(22) Précipitation of the Tin Division. ^To the first 
filtrate obtained on treating the Group II sulphides with 
(NH4)2Si reagent (21) add 6N. HCI with fréquent stirring 
untîl the solution remains milk-white from the séparation 
of finely divîded sulphur. Allow the mixture to stand for one 
or two minutes to coagulate the precipitate. The présence of 
the tin division is indicated by the présence of a flocculent 
yellow or orange precipitate. (See Discussion 19.) Treatthe 
second filtrate obtained in (21) in the same way, and if a 
flocculent precipitate forms, unité it with the one obtained 
above. Filter and wash the precipitate, using suction to 
dry it as thoroughly as possible. (See Discussion 20.) 
Reject the filtrate and treat the precipitate by (40). 

Discussion 
16. The précipitation of the sulphides of the metals 
of both Groupa II and IIl is detcrmined very largely by 
the acid concentration of the solution. From the stand- 
point of the Law of Mass Action and the lonic Theory 
two factors must be taken into considération in the pré- 
cipitation of the métal sulphides, viz., the value of the 
soiubility product and the concentration of the sulphid^ 
ion. The soiubility product varies with thc nature of the 
sulphtde and wîth the température. The order of pré- 
cipitation with H2S from cold HCI solution of decreasîng 

+ + + ++ 
acid concentration is about as foilows: As "*"'" , As ''" , 

Hg++, Cu+ + , Sb''+', Bi*-'"' and Sn-^ + , Cd++, Pb++ and 
Sn+ + . Zn++, Fe++, Ni-^+, Co++. Mn ++. 

Accordîng to Henry's Law of the Soiubility of Gases, 
soiubility and therefore the concentration of H2S 

I hâve a constant value at a definite température and 
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= K 



pressure. H2S ionizes to a slïght extent into H+ and 
HS" and to a much less extent into 2H+ and S~. Since 
the S" îs the active agent în the précipitation under dis- 
cussion only the latter ionization need be considered hère. 
The expression of the Law of Mass Action for H2S is J 

In a saturated solution, however, Ch* is a constant; 
hence simplifying the above équation gives 

C'i,+ -Ca-=K.CH,3=K 
From this it is readily seen that any încrease in the con- 
centration of H+ must resuit in a corresponding decrease 
in S". But in order that a sulphide, e.g,, CdS, may 
precipitate, its solubility product, Ca''"*' ■ Cg~ ='Kcâa, must 
be reached. Therefore, if the acid concentration is large 
the concentration of S~ may beconie so small that its 
product with Cco "'""•" will not equal the solubility product 
for CdS. On the other hand, if the acid concentration 
is small the concentration of S~ may become so large that 
its product with da** will equal the solubility product 
for ZnS, in whîch case ZnS would be precipitated in 
Group II. In order to make a complète séparation 
between Groups II and III, the concentration of S~ must 
be so regulated that there will be sufficient to reach the 
solubiHty product of the most soluble of the sulphides of 
Group II but not sufficient to reach the solubility product 
of the least soluble of Group III. (Secï table, Introduc- 
tion II). The necessity of following the directions very 
accurately is therefore évident. 

17. When HaS is passed into a cold acid solution con- 
taïning an arsenate, reaction takes place only very slowly 
between the two substances. Part of the arsenic is pre- 
cipitated as AsîSa and a part is reduced to the trïvalent 
state and precipitated as AsaSy. When the solution is 
heated the réduction takes place somewhat more rapidly. 
The most favorable conditions for the réduction and pre- 



cipïtation of arsenates with H2S is from a hot solution 
having a coniparatively high concentration of acid. 

18. In the séparation of arsenic, antimony and tin 
from the copper division, advantage îs taken of the acid 
character of the éléments of the tin division and their 
abîlity to form sulpho-salts with (NH4)2Sj. This reagent, 
however, has a slight solvent action on the sylphides of 
copper and mercury. If (NH4)2Si, to which about 5 per cent 
NaOH has been added, is used, the solvent action on the 
sulphides of copper and merciu"y îs very much reduced and a 
more satisfactory séparation ïs obtained. Excessive heat 
not only increases the solvent action on HgS and CuS but 
décomposes the reagent with précipitation of free siilphur. 

19, If the séparation of arsenic, antimony and tin 
from the copper division has been complète the présence 
of the tin division is shown by a flocculent yellow or orange 
precipitate on acidification of the (NH4)2Si solution with 
HCl. However, if the precipitate obtained is brown 
(indicating copper) dark gray (indicating mercury), or of 
unpronounced yellow or orange, so as to make doubtfui the 
présence of the tin division, much time can often be saved 
by proceeding as directed below. Small amounts of copper 
which otherwise might be overlooked may also be detected. 

Heat the precipitate with 10-20 ce. of NH^OH airaost 
to boiling for fîve minutes, and filter. This treatment 
dissolves ail but the copper and free sulphur. The residue, 
therefore, should be tested for copper according to (31) 
(34) and (36) unless copper has already been found. Pass 
HaS into the filtrate for fifteen to twenty seconds to pre- 
cipitate any HgS and change the partially sulphurated 
adds (NH4)3As03S, (NH4)3As02S2, etc., into the fully 
sulphurated form (NH4)3AsS4, etc. Filter if necessary 
and acidify the filtrate with HCl. Filter off the precipî- 
tated sulphides, wash, dry by suctïon and treat by (40). 

20. If a suction pump ïs not available the precipitate 
may be dried satisfactorily by pressing the filter containîng 
it between several thicknesses of clean filter paper. 
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OUTLINE OF ANALYSIS (TABLE III) 



Analysis 



Group n, Cu Division 

(30) Séparation of Mercury. — ^Transfer the residue 
(21) to a porcelain dish and add 10-20 ce, of 2N. HNO3 
and heat to boiling. Boil gently for two to three minutes, 
not longer. (See note, Preliminary Exp. 7), Filter, wash 
the residue and treat ît by (31). Treat the fiitrate by (32). 

(31) Confirmatory Test for Mercury. — Transfer the 
residue (30) undissolved by HNO3 to a porcelain dish 
and add 5-10 ce. of aqua regîa (see Preliminary Exp. 7a). 
Warm gently till solution is complète, then evaporate 
almost to dryness, dilute with 5-10 ce. of water, filter 
and add to the elear fiitrate some SnCla solution, at first 
1-2 drops then 2-3 ce. (see Discussion 22). The formation 
of a white precipitate which turns gray on the addition 
of exeess SnCb shows the présence of mercury. (See 

■Discussion 23.) 

(32) Séparation of Lead. — To the fiitrate obtaîned in 
' (31) add 2-3 ce. of eonc. H2SO4, transfer to a porcelain 

dish and evaporate until the dense white fumes of SO3 
appear. Cool, pour the mixture înto a small beaker 
containing 10-15 ce. of water and rinse out the vessel with 
a portion of the solution formed, in order to be sure that 
ail of the solid is transferred. Allow the mixture to stand 
four to five minutes. The formation of a fine, white, 
crystalline precipitate indicates the présence of lead. 
The precipitate may be more readily dîstinguished if the 
liquid is given a sHght whirling motion, so that the pre- 
cipitate will colleet on the bottom of the beaker toward 

^Jhe center. Filter, treat the precipitate by (33) and the 

Htrate by (34)- 

^B (33) Confirmatory Test for Lead.— Dissolve the pre- 

^^Spitate of PbSOi (32) by pouring a 10-20 ce. portion of 
ammonium acétate (NH4C2H302) solution repeatedly 
through the filter. To the fiitrate add a few drops of 
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K2Cr207 and 3-5 ce. of HC2H3O2. A yellow precipitate 
is PbCrO^ (see Discussion 24). 

{34) Séparation of Bismuth. — To the filtrate obtained 
in (32) add NH4OH until, after shakïng, a distinctly alka- 
line reaction is obtained. {Test with litmus.) Shake 
to coagulate the precipitate of BiOOH, and filter. Wash the 
precipitate and trcat it by (35). Treat the filtrate by (36). 

(35) Confirmatory Test for Bismuth. — Potir through 
the filter containing the precipitate of BÎOOH (34) a cold 
freshiy prepared solution of NaaSnOa (see Appendbf I). 
The formation of a black residue shows the présence of 
bismuth. (See Discussion 25.) 

(36) Détection of Copper. — If the filtrate from the 
BiOOH (34) is deep blue, copper is shown to be présent. 
If, however, it is colorless or nearly so, about one-fourth 
of the solution should be acidified with HCaHaOa and a 
few drops of K4Fe(CN)a added. The formation of a red 
precipitate or coloration shows the présence of copper. 
Treat the remainder of the solution by (37) or (38.} 

{37) Détection of Cadmiimi.^To the remainder of 
the NH4OH solution obtained in (36) add KCN solution 
{care, poisov) until the blue color just disappears; if the 
solution is colorless add only a few drops. Pass H2S 
into the colorless solution for about half a minute. The 
formation of an immédiate yelloAv precipitate (see Dis- 
cussion 26) shows the présence of cadmium. 

(38) Optional Method for the Détection of Cadmium. — 
Acidify the remainder of the NH4OH solution (36) with 
H2S0j, add a few iron nails or some iron filings and boil 
for a short time. Filter, and unless the solution is still 
acid make it just acid with 6N.H2SO4 and pass HaS into 
it, The formation of a yellow precipitate shows the pres7 
ence of cadmium. 

Discussion 

31. If the éléments of the copper division are présent 
in large quantity, small quantitïes of tin may remain 
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undissolved by the (NH4)2Si treatment. This may also 
occur when small quantities of cadmium and stannous 
tin are présent togcther. Any tin sulphide, either SnS 
or SnS2, remaining in the copper division, wiil be con- 
verted by the HNO3 {30) into insoluble metastannic acîd, 
H2Sn03. Tiiis is practically unaffected by the aqua 
regia or bromîne water used în (31). 

In order to recover any tin that may be left in the copper 
division the residue obtained by treatment with aqua 
regia (31) should be treated as follows; If it is dark- 
colored, showing incomplète removal of HgS, digest with 
bromine water in order completely to rcmove the HgS, 
filter and dissolve the residue în a small quantityof(NH4)2Sï 
reagent. Dilate, filter if necessary, and add the solu- 
tion to the main ammonium sulphide solution obtained 

b (21). 

I 22. The addition of SnCU to a solution of HgCU 
causes an immédiate réduction to the white Hg2Cl3. 
Further addition of SnCla carries the réduction to free 
mercury, which împarts a gray appearance to the pre- 
cipitate. The latter réduction is hindered very materially 
and may be almost prevented if excess aqua regia has 
not been completely removed before makîng the test. 
Bromine water may be used in place of the aqua regia. 
Excess bromine, however, must be removed before the 
addition of SnCb. 

23. If the séparation of mercury ïs incomplète and a 
;e amount of CuS ïs left undissolved by the HNO3 

treatment (30), a white precïpitate of CuCl will separate 
ont on the addition of SnCb. This, however, does not 
tum gray with excess SnCb. 

24. The confirmatory test for lead should always be 
made, since a precipitate with H2SO.1 may consist of 
(BiOaSOi or BaSO*. The (BiO)2S04 is coarscly crystal- 
liae, dissolves in NH,iC2H302 and gives a yellow color 
with Ï^CraO?. The precipitate, however, difïers from 
HïCrOi in that it dissolves readily in HCaHsOa. The 
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BaSOi resembles PbS04 in appearance but îs insoluble 
in NH4C2H3O2. 

25. If, owing to occlusion or incomplète washing of 
the H2S precipitate, an incomplète séparation from 
Group III is obtaîned, the addition of NH^OH for the 
séparation of bismuth will cause the précipitation of 
Fe(0H)3 or other hydroxides of Group III. Thèse differ 
from BiOOH in that none of them are reduced by Na2Sn02 
by short contact in the cold. 

26. An immédiate yellow precipitate wîth H2S shows 
the présence of cadmium. \Vhen much copper is présent 
and the solution is saturated with HzS a deep yellow color 
soon develops and an orange-red precipitate of (CSNH2)2 
may separate out on standing, owing to a reaction between 
the H2S and C2N2 set free by the réduction of Cu(CN)2. 

27. If, owing to previous errors ïn analysis, a black 
precipitate (due to HgS, PbS, etc.) is obtained in the 
final test for cadmium with HzS, it should be thoroughiy 
washed and the cadmium dissolved out by boiling the 
precipitate with 15 ce. of 1.2X. HaSOi and filterJng, After 
it has been diluted with two to three times its volume of 
water the CdS if présent may be precipitated by saturating 
with H2S. 



Preliminary Experiments 
Group II, Tin Division 

+)■ + + + ++ ,- " +■ 

As V. As +"" . Sb ^/, Sn+-^, Sn+ 
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In connection with the following experiments study 

Tables II and IV. 

Experiment 11. — Dilute separate 5-cc. portions of the 
test solutions of cach of the above ions with an equal volume 
of water, and saturate cold with H2S. If a precipitate 
does not form heat to boiling and saturate again with 
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+ + 

H2S. Note the différence in action between As "*■ and 

+++ 
As ■'"'■ . Write équations. 

Ezperiment 12. — Decant or filter the liquid from the 

précipitâtes (Exp. 11) and dissolve each, by warming if 

necessary, with about 5 ce. of (NH4)2Sx reagent. Do 

NOTboil. 

Notes. — ^The solubility of the sulphides of arsenic, antimony and tin 
is doubtless due to their acidic character and tendency to form sulpho- 
salts. This is in direct contrast to the metals of the copper division 
of Group II in that the latter are ail basic in character and hâve very 
little tendency to form sulpho-salts. 

The use of (NH4)2Sir instead of (NH2)4S is naade necessary only in 
the cases of SbaS» and SnS. Antimony and tin must be oxidized to the 
higher valence since the sulpho-salt of the lower valence is apparently 
incapable of existence. The foUowing reactions for the solution of 
AssSt and AS2S6 are as follows: 

AsaSs+ôCNHOaSx-^ 2(NH4)8AsS4+(6x -5)S 
As2S5+6(NH4)2Sx-> 2(NH4)5AsS4+(6JC-3)S 

Write the corresponding équations for the solution of Sb2S3, SnS and 
SnSs noting the fact that in the sulpho-salt arsenic and antimony are 
quinquivalent while tin is quadrivalent. 

Ezperiment 13. — Since the two solutions of arsenic 
are now îdentical, (NH4)2AsS4, as are also those of tin, 
(NH4)2SnS3, one of each may be discarded. Dilute the 
remainîng solutions of arsenic, antimony and tin (Exp. 12) 
with an equal volume of water and acidify with 6N. HCl. 
Note the precipitate formed in each case. Write équations. 

Note. — ^When (NH4)2S« is treated with an acid, considérable sulphur 
is apt to be set free. This gives a white, milky appearance to the mixture 
and may prevent the détection of small amoimts of the sulphides. Dilu- 
tion with water obviâtes this difïiculty to some extent. 

Ezperiment 14. — ^To each of the précipitâtes of AS2S5, 
Sb2S6 and SnS2 (Exp. 13) dried by suction or by pressing 
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between filter paper, add just lo ce. of 12N. HCl. Place 
the test-tubes containing the mixtures in a beaker of 
water and beat to boiling. Boii gently for ten minutes. 
Note the solution of SbzSn and SnSa. (Différence, sépa- 
ration of As.) Write équations, 

Notes.— ^If the boiling is carried out so that the bubbles rise but slowly 
from the solutions, practically no AsiSt is dissolved. However, if the 
boiling is too vigorous some of the arsenic may go into solution. This 
is due to removal of HsS and conséquent shifting of equiUbriimi. 

SbjSs dissolves in iîN. HCl somewhat slowiy, especiaUy when large 
amounts are présent, It dissolves with the formation of SbQi, the anti- 
mony being reduced by the HjS to the trivalent condition. 

Experiment 143.^ — ^Without fîltering, add small partîcles 
ôf KCIO3 or NaClOs, a few at a time, to the AS2S5 and 
stir till solution is complète. Evaporate to 1-2 ce. Make 
distinctly alkaline with NH4OH and add 1-2 ce. of 
magncsia mixture (MgCl2-NH4Ci-NH40H). If no pre- 
cipitate forms add about one-fourth its volume of NH40H 
and rub the inside of the tube with a glass rod to hasten 
précipitation. 

Note.— The action of HCl on KCIO, or NaClO, is to liberate chlorine 
and ClOt, which reniove the S=by oxidation, causing the arsenic to go 
into solution. It is dissolved as HjAsOi instead of AsCli, very httle 
of which remains as such even in very concentrated HCl. 

MgNHiAsO. is somewhat soluble even in cold water; therefore it is 
necessary to hâve a rather concentrated solution. It also has a t«ndency 
to hydrolize into NHiOH and MgHAsO., a soluble sait. This tendency 
is counteracted by the addition of a large excess of NH.OH. It has an- 
other peculiarity, which is not uncommon, in that it is inchned to super- 
saturate. This may be overcome and précipitation eSected, by vigorous 
shaking, or by produciiig a rough surface in contact with the liquid. 

Experiment 15. — Dilute the solutions of antimony and 

tin (Exp. 14) to 50 ce. and transfer one-third of each to a 
third vessel. Heat the remaining portions to 90° and 
saturate with H^S. Note the précipitation of SbaSa. 
(Différence, séparation of Sb.) Write équations. 
Experiment 15a, — Dilute the solution in the 
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vessel (Exp. 15) to 50 ce. and saturate with H2S. Note 
the color of the precîpitate. Wîthout filtering, boîl to 
expel H2S. Add bromîne water and heat tîll solution 
îs complète, then add 5 gms. of solîd oxalîc acîd (H2C2O4) 
and saturate wîth H2S. Note the précipitation of Sb2S3. 
(Différence, séparation of Sb.) Write équations. 

Notes. — ^There is enough différence in the solubility products of 
SbîSa and SnSa for the carefiil worker to make a complète séparation of 
antimony and tin according to Exp. 15. However, if the directions for 
température and acid concentration are not carefully observed, a pre- 
dpitate containing both antimony and tin may be obtained (Exp. 15a), 
in which case the séparation can be made according to Exp. 15a. 

The bromine water is used to oxidize the S" and so hasten the solu- 
tion. The same results may be obtained more slowly by evaporation 
to concentrate the add. 

The failtire of SnSa to predpitate in the présence of a large excess of 

H2C204 is doubtless due to the formation of a complex which reduces the 

t + 
concentration of Sn"^"*". 

Experiment 16. — ^Dilute the solution containing tin 

(Exp. 15) to 50 ce. and saturate cold with H2S. Note the 

précipitation of SnS2. Without filtering, add 1-2 gms. 

of granulated test lead and boil two to three minutes. 

Cool and filter, allowing the filtrate to run into a solution 

of HgCb. The predpitate is Hg2Cl2+Hg. 

+ + 
Note. — ^The action of lead is to reduce the Sn"^"*" to Sn"*""*", which in 

tum will reduce HgCU to HgiCU or even to free mercury. Stannic tin 

has no effect on HgCU; hence the necessity for réduction before the 

final test. 
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TABLE IV 

OUTLINE FOR THE SySTEMATIC SEPARATION AND DETECTION OF GrOUP II 

(Sn Division) 



No. 


Reagent 


AsjSft 


SbaS. 


SnSi 


i 


I2N. HCl 


AsjSj 


SbCU 


SnCU 




HCl 














KCIO, 


HsAsO* 












Magnesia mixture 


MgNH4A804 












6N. HCl 


HsAsO* 


> f 


^ f 




HaS 


AssSs-» 


Sb,S, 




2 






SnCU 


3 


HCl-Bn 






SbCl, 


SnCU 


4 


H,C,04 


> 


f 








HS 




SbA 




5 


Pb 




▼ 


SnCU 


6 


HgCU 




SnCU(Hg.CU) 



Analysis 

Group II, Tin Division 

(40) Séparation of Arsenic. — ^Transfer the precîpitated 
sulphîdes (22), drîed by suction or by pressing between 
filter paper, to a test-tube, and add just 10 ce. of 12N. HCl. 
(See Discussion 28.) Place the test-tube in a beaker of 
water and heat until the contents of the tube just begîn 
to boîl. Keep the water at thîs température for about 
ten minutes, occasionally stirring the contents of the tube 
with a glass rod. When the reaction is complète and 
no further solution takes place, dilute with 5 ce. of water 
and filter, allowing the filtrate to run into a 50-cc. graduate. 
Wash the residue with 5-10 ce. of water, catchîng the 
wash water in the graduate with the filtrate. Test the 
residue for arsenic by (41) and treat the filtrate by (43). 

(41) Détection of Arsenic. — Punch a hole through the 
filter and wash the residue of AS2S6 into a test-tube with 
5-10 ce. of 6N. HCl. Warm the mixture gently, adding 
solîd KCIO3 or NaClOa, one crystal at a time, until the 
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arsenic is dissolved. Make the solution just alkalîne 
with NH4OH, then add about one-third its volume of 
15N. NH4OH and about 0.5 ce, of magnesia mixture 
(MgCl2-NH4Cl-NHiOH). Shake the contents vigor- 
ously and îf no precîpîtate forms rub the walls of the tube 
with a glass rod and allow ît to stand for some time. {See 
note, Preliminary Exp. 14a). The formation of a white 
crystalline precîpîtate indicates the présence of arsenic. 
Filtcr and confirm the arsenic by (42). 

(42) Confirmatory Test for Arsenic. — Dissolve the 
precîpîtate of MgNH4As04 (41) hy pouring 5-10 ce. 
of 6N. HCl repeatedly through the filter. Heat the solu- 
tion to boilîng and pass H2S into it for five to ten minutes. 
The formation of a white precipitate, changing to yellow, 
shows the présence of arsenic. (See Discussion 17.) 

{43) Détection of Antimony. — To the filtrate (40) add 
water just sufficient to make a total volume of 50 ce; 
transfer to a small flask and heat to about 90°. Pass 
H2S into the hot solution for about five minutes, keeping 
the température at about 90° by placing the flask in a 
beaker containîng boiling water. The formation of an 
orange-red precipitate shows the présence of antimony. 
(See Discussion 29.) Filter while hot, add 5 ce. of water, 
heat to 90° and again saturate with H2S to remove ail 
antimony. Filter if a precipitate forms, and ti-eat the 
filtrate by (45). 

{44) Confirmatory Test for Antimony.— If the precipitate 
(43} is not orange, and the présence of antimony is doubt- 
ful, boil the mixture without filtering until the precipitate 
has redissolved. Add 5-10 gms. of solid oxalic acid 
(H2C2O4) and pass H2S into the hot solution. If antimony 
is présent a bright red precipitate will be formed. Filter 
and test the filtrate for tin by (46), 

(45) Détection of Tin. — Dilute the filtrate from (43) 
to 70 ce, cool and pass in H^S for ten minutes. The 
formation of a yellow precipitate indicates the présence 



of tin. 
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(46) Confirmatory Test for Tm.^Boil the mixture 

(45) or the filtrate from (44) with 1-2 gms. of granulated 
test lead for two to three minutes. Coo! the mixture 
and filter into a solution of mercuric chloride (HgCU). 
The présence of tin is shown by the formation of a white 
precipitate, which may tum gray if much tin is présent. 
(See Discussion 22.) 



I 



Discussion 

28. The séparation of arsenic, antimony and tin 
dépends on the relative solubility of their sulphides in 
HCl. It is necessary, therefore, to follow the directions 
very carefully in order to secure a satisfactory séparation. 
The solubility prodiict of AS2S5 is considerably smalier 
than that of SbzSa orSnSa; hence it is stable ih a much 
highcr concentration of HCl. It is practically insoluble 
in hot 12N. HCl uniess the HaS formed in the equilibrium 

As2S., + ioHCI^ 2(AsC1b}+5H2S ■ 

is expelled by too vigorous boiling. The hot acîd, however,' 
dissolves the tin very readily and the antimony more 
slowly. In the présence of much antimony some may 
be left undissolved even in the strong acid, but the amount 
extracted will never be so small as to escape détection. 
Also, if the acid becomes much diluted, considérable 
SbaSs will be left undissolved, The undissolved portion 
may be sufificient to give the residue an orange color, but 
ït will not interfère with the test for arsenic. 

29. When both antimony and tin are présent and the 
acid concentration is not sufifîciently high or the solution 
has been allowed to cool, some tin may be precipitated 
with the antimony, in which case the color of the H2S 
precipitate will usually be brown. 

30. The magnesia mixture used in the détection of 
arsenic contains a large excess of NH4+ for the purpose 
of reducing the 0H~ concentration. This prevents the 
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précipitation of Mg(0H}2 by the NH4OH. See Intro- 
duction 13, also Appendix I.) 

31. Test lead is used for the réduction of tin, rather 
than zinc or iron, since iead does not reduce tin to the 
metallic State. If the stronger reducing agent ïs used 
the tin wili be left in the residue and will hâve to be dis- 
solved in HCl before being added to the HgCl2 solution. 

Group III 

Preliminary Experimenls 
Group m, Aluminium Division 



AM 



, Cr ^ 



, Zn + 



Tn connection with the foilowing experiments, study 

Tables V and VI. 

Ezperiment 17. — -Introduce into separate test-tubes 
5-cc. portions of the test solutions containing the above 
ions. Make each distinctly alkaline with NHiOH, then 
saturate with H2S. Heat nearly to boiling to coagulate 
the précipitâtes. Write équations. 

Notes. — In the présence of water A1,S, and CraS, are completely 
hydrolized (see Introduction 14); hence the hydroxides formed on the 
addition of NHhOH remain unchanged when HjS is introduced. 

Zn++ forms with NH, the complex ion ZnCNHO.++. (See Intro- 
duction 15.) This removes enough Zn"'"+ to prevent the précipitation 
of Zn(OH)î but not enough to prevent précipitation of ZnS with HjS. 

Ezperiment 18, — Decant off the clear liquid from the 
I précipitâtes of A1(0H)3, Cr(OH)3 and ZnS (Exp. 17) and 
I dissolve in a slight excess of HCl. Add NaOH slowly to 
I alkaline reaction, and then about i gram of solid Na202, 
r.a littJe at a time. (Caution: Do not carry the Na202 
ion paper. Use a dry watch glass. Why?) Boil to expel 
l excess Na202. Write équations. 
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Note. — It should be recalled (see note, Preliminary Exp, 9, also 
Introduction 15) that a more complète précipitation does not necessarily 
foUow the addition of a reagent in excess o£ that necessaiy to reach the 
soinbiiity product for the compound concerned, The solution of Al{OH)j, 
as well as that of chromîum and zinc, in an excess of NaOH présents 
another example, but of quite a différent type. AU three beiong to the 
class known as amphoteric compounds (see Introduction 16). In the 
présence of excess NaOH, therefore, they form the soluble sodium salts 
NaAlO,, NaCrOi and NaîZnOî. Na,0, oxidizes the NaCrO, to the 
more readily soluble NaiCrO,, but is without effect on NaAlO) or 
NaîZnO,. Why? 

Experiment 19. — Acidify the solutions of aluminium, 
chromium and zinc (Exp. 18) with HNO;i and add NH4OH 
to alkaline reaction. Note the précipitation of Al(OH)s. 
(Différence, séparation of Al.) Write équations. 

Note. — The action of NaiOi in Exp. 18 oxidized the chron^iiun to 
the more soluble chromate, a compound which does not possess ampho- 
teric properties; hence on the addition of HNOj it does not react as a 
base to form a chromium sait. On the other hand, the aluminium and 
zinc retum to the positive radical as Al "*■ and Zn"*"*" which react wïth 
the NHiOH subsequently added, as outlined in Exp. 17. 

Experiment 19a. — Filter off the precipitate of AI(0H)3 
(Exp. 19) and wash with water. Dissolve hy pouring 
5 ce. of 6N. HNOa through the filter. Add 4-5 drops 
cf N. 100 Co(N03)2 and evaporate nearly to dryness. 
Soak up the liquid with a small pièce of filter paper, Roll 
it up, wind a platinuni wire around it in the form of a 
spiral and heat in a flame till ail the carbon is bumt off. 
A blue residue is characteristic of aluminium. 

Note. — The blue substance formed by the interaction of Co(NO,), 
and AICNOi)i is a compound of CoO and AliOi, probably Co{A10i),, 
though the exact composition has not been determined. In carryin^ 
ont the reaction care must be exercïsed in the addition of Co(NOi)ï. 
The aluminium must be in excess, otherwise the blue color is hidden by 
the black cobalt oxide. Furthermore, the présence of sodium or potassium 
salts causes the raass to fuse and thus interfères with the test. They may 
be removed by washing the NHjOH precipitate with v 
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Experiment 20. — ^Acîdify the solution of chromîum 
and zinc (Exp. 19) with HC2H3O2, and add BaCU solu- 
tion. Note the précipitation of BaCr04. (Différence, 
séparation of Cr.) Write équations. 

Experiment 20a. — Filter off the precipitate of BaCrOé 
(Exp. 20) and dissolve it in a very little 6N. HNO3. Dilute 
with 9-10 volumes of water and to a portion of it in a 
test- tube add about 2 ce. of ether and i ce. of H2O2, 
and shake. 

Note. — ^The blue color in the ether layer is a perchromic acid, probably 
HaCrO?. It is very unstable, decomposing into oxygen and a chromic 
sait. Excess H2O2 or add accélérâtes this décomposition. 

Experiment 21. — Saturate the zinc solution (Exp. 20) 
with H2S. The white flocculent precipitate is ZnS. 
Filter off the precipitate and dissolve it by pouring 5 ce. 
of 6N. HNO3 repeatedly through the filter. Add 4-5 
drops of N. 100 Co(N03)2 and evaporate in a porcelain 
dish almost to dryness. Neutralize with Na2C03 solu- 
tion and add a slight excess. Evaporate to dryness and 
îgnite gently till the purple color of the cobalt disappears. 
AUow the residue to cool. The green color is due to a 
compound of the oxides of cobalt and zinc, probably 
CoZn02. 

Note. — ^ZnS is somewhat more flocculent when precipitated from a 
warm solution. A white, milky-looking precipitate does not show the 
présence of zinc. Sulphur often séparâtes out as a white, m'iky precipitate, 
espedally on standing, or if the oirrent of H2S is long continued. It 
is often necessary, therefore, to make the confinnatory test. The addition 
of too much Co(N08)î mtist be avoided. (See note, Exp. 19a.) 
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TABLE V 

OUTLINE FOR THE SySTEMATIC AnALYSIS OF GrOUP III 

(Séparation into Al and Fe Divisions) 
Ions présent in acid solution 



No. 


Reagent 


A1+ + + 


Cr+ + + 


Zn+ + 


I 


NH4OH 


(AlOH), 


Cr(OH), 


Zn(NH)4+ + 


2 


HS 


(A10H)8 


Cr(OH), 


ZnS 


3 


HCl 


AlCla 


CrCl, 


ZnCla 


4 


HNO, 


AlCl, 


CrCla 


ZnCl2 


5 


NaOH 


NaAlOa 


NaCrOî 


Na2Zn02 


6 


NajO, 


NaAlO, 


Na2Cr04 


NaaZnOa 



No. 


Mn+ + 


Fe+ + 


Co+ + 


Ni+ + 


I 
2 


Mn(0H)2 
MnS 


Fe(0H)2 
FeS 


Co(NH,)4+ + 
CoS 


Ni(NH,)4+ + 

NiS 


3 


MnCIa 


FeCl2 


CoS* 


NiS* 


4 

5 
6 


MnCla 
Mn(0H)2 

MnO(OH)2 


FeCl, 
Fe(OH), 

Fe(OH), 


C0CI2 

Co(OH)2 

Co(OH), 

i 


NiCla 
Ni(OH), 

Ni(0H)2-, 

i 



* See Note, Exp. 23. 



Analysis 

Group m 

Al + , Cr + , Zn++, Mn++, Fe++, Co++, NÎ++ 

Précipitation and séparation of the aluminium and îron 
divisions. 



(50) Précipitation. — Boil the filtrate from Group II 
(20) till the H2S is expelled. Test the vapor with filter 
paper wet with lead acétate [Pb(C2H302)2] solution. 
Add NH4OH in slight excess, and after shaking note 
whether a precipitate is formed. (See discussion 32.) 
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^'Without filtering add 2-3 ce. more NH4OH and pass 
in H2S until, after shaking, the vapors btacken a pièce 
of filter paper moistened with PbtCïHaOïla solution. 
Heat the mixture nearly to boilîng to coagulate the pre- 
cipitate. Filter and wash the precipitate with water 
containing about i per cent of (NH^)2S. If filtration îs 
slow the funnel should be kept covered with a watch glass 
to prevent oxîdation to soluble sulphates. The filtrate 
should be colorless. (See Discussion 33.) Treat the pre- 
cipitate by {51) and reserve the filtrate for analysîs of 
Group IV (80). 

{51) Séparation of Aluminium and Iron Divisions.^ 
Transfer the Group Ili precipitate (50) with the filter if 
necessary, to a porcelain dish, add 5-20 ce. of 6N. HCl 
and stir for one to two minutes in the c(^d. Heat the 
mixture to boîling and if a black residue stili remains add 
a fewdrops of HNO3 and boil again. Dilute with 5-10 ce. 
of water and filter ofî the residue of sulphur. Evaporate 
nearly to dryness to remove excess acid, dilute to 10-20 ce, 
and add NaOH to alkaline reaction, avoiding a large excess. 
If a very large precipitate forms add 10-20 ce, more water. 
Cool the mixture and add 1-3 grams of soHd NasOj, a 
little at a time and with constant stirring. (See Discussion 
35.) Add about 5 ce. of 3N. Na2C03 solution unless 
phosphate or the alkaHne earth metals are known to be 
absent, (See Discussion 37.) Boil to décompose excess 
Naz02; cool, dilute with an equal volume of water and 
filter with the aid of suction if possible. (See Discussion 
36.) Treat the filtrate by (60) and the residue by (70). 

132. The H2S îs removed and the effect produced by 
NHiOH alone is noted, in order to obtain information 
n^arding the présence of aluminium or other insoluble 
hydroxides. NaOH and Na202, used later in the analysis, 
often contain small quantities of silica and aluminium 



Discussion 
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which tend to make the détection of aluminium more dif- 
ficult. Any information gained at thîs point, therefore, 
may be of considérable importance, 

33. Ammonium monosulphide ( (NH4)2S} îs some- 
times used instead of H2S in the précipitation of Group III. 
When this is done some XiS may be dissolved and pass 
înto the filtrate, gîving it a brown or nearly black color, 
The use of HaS as directed in (50) almost completely pre- 
vents this. If, however, (NH4)2S îs used and the filtrate 
îs brown or nearly black, indicating that some NiS has 
been dissolved, it may be precipitated by boilîng the solu- 
tion for a few minutes. It should be filtered off and added 
to the main precïpitate. 

34. The présence of a considérable amount of ammo- 
nium salts not only lessens the aolubîlity of A1(0H}3, but 
prevents the précipitation of Mg(0H)2 in this group. 
A sufficient quantity of ammonium salts is usually formed 
by the neutralization of the acid already in the solution. 
The présence of ammonium salts decrcases the ionization 
of NH^OH, owing to the common ion effect. (See Intro- 
duction 12.) The solubility product for the hydroxides 
of Group m and also for Mg(OH)a is so small that even 
a slight excess of NH^OH causes précipitation. In the 
présence of much ammonium salts, however, the concentra- 
tion of OH- is so reduced that its product with that of 
certain of the métal ions, e.g., Mn++ or Mg+"*', does not 

^Ê reach the solubility product for those compounds. In the 

^1 cases of ferrie, aluminium and chromium ions the solubility 

^1 product (CmV'C'''oh~) is so small that the présence of 

^M large amounts of ammonium salts does not appreciably 

^H affect their solubility. On the other hand, zinc, nickel 

^M and cobalt ions unité with NHa to form complex ions 

^M similar to those of silver and copper. (See note, Exp. 9 

^Ê also Introduction 15.) 

H 35- Na202 is a very unstable substance and décomposes 

^K slowly, even in a cold solution, oxygen being given off. 

^H In a hot solution the décomposition may become explosive. 
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The peroxide should therefore be added în very small 
quantitîes to a cold solution. This may be easily done 
by transferring a lîttle of it to a dry watch glass and 
sprînklîng it into the solution, stirring constantly. The 
reaction is known to be complète when a steady stream 
of gas is evolved after the mixture has been thoroughly 
stirred. If much chromium is présent the Na202 should 
be added until the green chromic sait has been entirely 
changed to the yellow chromate. The solution should 
be diluted before filtering in order to prevent disinte- 
gration of the filter paper by the strong alkali. 

36. The séparation of the aluminium and iron divisions 
by means of NaOH, Na202 and Na2C03 is very satisfactory 
except in the case of zînc. When much of the iron division 
îs présent 15-20 mgs. of zînc may be carried down in the 
precipitate, so that provision must be made in the iron 
division for its détection. 

37. It should be remembered that the phosphates of 
barium, strontium, calcium and magnésium are insoluble 
în alkaline solution, and hence may hâve precipitated 
along with Group III, in case phosphate was présent in 
the original material. Na2C03 is used as a reagent in the 
séparation of the aluminium and iron divisions to insure 
complète précipitation of thèse éléments since their hydrox- 
îdes are somewhat soluble even in strong NaOH solution. 
ZnCOs, though insoluble in dilute solutions of Na2C03 
alone, is soluble in the présence of NaOH, owing to the 
formation of the zincate ion (Zn02"). Na2C03 also 
serves to décompose the chromâtes of the alkaline earths 
and so prevent the précipitation of chromium. 
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TABLE VI 

OUTLINE OF THE SYSTEM ATIC SEPARATION AND DETECTION OF GrOUP III 

(Al Division) 



No. 


Reagent 


NaAlO, 


Na2Cr04 


NasZn02 


I 


HNO, 


A1(N0,), 


Na2Cr207 


Zn(N0,)2 


2 


NH4OH 


Al(OH), 


Na2Cr04 


Zn(NH,)4(NO,)2 




HNO, 














CO(N03)2 


Co(A102)2(?) 


^ * 


' ' 


3 


HGHjOa 


^ f 


NaiCrjOr 


Zn(N0,)2 


4 


BaClî 


BaCrO* 


ZnCl2 




HNOa 




H2Cr04 








Ether 












H2O2 




H,Cr07(?) 


> f 


5 


H2S 




< f 


ZnS 




HNO, 




Zn(N0,)2 




Co(N0,)2 










Na2C0, 






CoZn02(?) 



Analysis 



Group m, Aluminium DiviEdon 

(60) Séparation of Aluminium. — ^Acîdîfy the filtrate 
from (51) wîth 16N. HNO3 avoidîng a large excess; add 
NH4OH just to alkalîne reaction and then 2-3 ce. more. 
(See Discussion 38.) The formation of a white flocculent 
precipitate shows the présence of aluminium. (See Dis- 
cussion 39.) Heat the mixture almost to boiling to coagu- 
late the precipitate, filter and wash thoroughly with hot 
water. Unless the precipitate is white and flocculent 
the confirmatory test should be made. Treat the filtrate 
by (62). 

(61) Confirmatory Test for Aluminium. — Dissolve the 
precipitate (60) in 5 ce. of 6N. HNO3; add 4-5 drops of 
N. 100 Co(N03)2 or less if the precipitate was small, 
evaporate almost to dryness and add 1-2 ce. of water. 
Absorb the solution in a small pièce of filter paper, wind 



a platinum wire around it in the form of a spiral and ignîte 
the paper in a flame until the carbon îs completely bumed. 
A blue residue shows the présence of aluminium. (See 
note, Exp. 19a.) 

(62) Détection of Chromiiim. — To the filtrate form 
(60) add HC2H3O2 slowly until the solution is just acid. 
(Test with litmus.) If the solution is colorless, chromium 
îs absent and the solution should be tested for zinc accord- 
ing to (64). If the solution is at ail yellow, add about 
10 ce. of BaCb solution and hcat the mixture to boiltng. 
If a yellow precipitate forms, chromium is présent. Unlesa 
the precipitate is distinctly yellow the confirmatory test 
should be made. (See Discussion 40.) Treat the filtrate 
by {64). 

(63) Confirmatory Test for Chromium. — Dissolve the 
precipitate (62) by pouring repeatedly through the filter 
a cold lo-cc. portion of 0.6N. HNO3. To the solution 
contained in a test -tube add 1-2 ce, of ether and i ce. of 
3 per cent H2O3 solution. Shake the mixture. A blue 
color appearing in the ether layer shows the présence of 
chromium, (See note, Exp. 20a.) 

(64) Détection of Zinc. — ^W^arm the HC2H3O2 solution 
(62) or the filtrate from (63) to about 50° and saturate in 
a small flask with HaS. If a flocculent precipitate does 
not form at once, cork the flask and allow it to stand 
five to ten minutes. The formation of a white flocculent 
precipitate shows the présence of zinc. Unless the pre- 
cipitate is white and flocculent the confirmatory test 
should be made. 

(65) Confirmatory Test for Zinc. — Filter ofï the pre- 
cipitate obtained in (64) and dissolve it by pouring re- 
peatedly through the filter a 5-cc. portion of 6N. HNOa. 

r To the resulting solution add 4-5 drops of N. iooCo(N03)2, 
[ or less if the precipitate was small. Evaporate the mix- 
I ture almost to dryness in a porcelain dish, neutralize 
[ with Na2C03 solution and add 0.5 ce. in exeess. Evapo- 
Irate to dryness and ignite gently until the purple color 
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due to the Co(N03)2 disappears. (See Discussion 41.) 
The appearancc of a grccn color shows the présence of 



Discussion 

38. In the séparation of aluminium a large excess of 
NH4OH mu5t be avoided, since it tends to redissolve the 
A1{0H)3 by forming NH4AIO2. A moderate excess, how- 
ever, must be présent in order to keep the zinc in solution. 

39. Since aluminium and silica are often présent in the 
NaaOa and NaOH used as reagents in the séparation of 
the aluminium and îron divisions, a blank test should be 
made for thèse impuritics by treating 10-15 ce. of water, 
to which has been added about the same quantifies of 
thèse two reagents as was used in the regular analysis, 
by {60) and comparing the precipitate formed with that 
obtained in the regular analysis. The confirmatory test 
should always be made in case the NH4OH precipitate is 
small, in order to avoid mistaking silicic acid (H^SiOa) 
forAl[OH)3. 

40. If, owing to careless manipulation în filtering and 
washing the second or third group précipitâtes, and syl- 
phides hâve bcen oxidized to sulphates, the addition of 
BaCl2 for the séparation of chromium may give a white 
or pale yellow precipitate composed largely of BaS04. 
This not only makes it necessary to confirm the présence 
of chromium but renders the confirmatory test less délicate 
owing to the difficulty of extracting the barium chromate 
(BaCrOi) from the BaSO* with acid. The color of the 
solution after treatment with NaOH and Na203 for the 
séparation of aluminium and iron divisions should be 
noted, A yellow color, changing to orange on the addition 
of acid, indicates chromium. 

41. The confirmatory test for zinc îs of value only 
when the HgS precipitate is small and finely divided or 
when the présence of foreign materials causes it to be 
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dark-colored. In the hands of the careful worker the test 
îs quîte satîsfactory and will detect 0.5 mg. of zinc. If, 
owing to too much heat, the resîdue becomes black, ît 
should be dissolved in a few drops of HNO3 and evaporated 
almost to dryness, and the test should be repeated with 
the exception that no more Co(N03)2 should be added. 

Prélminary Experiments 

Group ni, Iron Division 

Mn++, Fe++, Co++, Nî++ 

In connection with the foUowing experiments study 
Tables V and VII. 

Experiment 22. — ^To separate 5-cc. portions of the test 
solutions containing the above ions, add NH4OH to alka- 
lîne reaction and saturate with H2S. Note the color of 
the précipitâtes formed. Write équations. 

Experiment 23. — Decant or filter off the liquid from 
the précipitâtes (Exp. 22) and dissolve by the addition 
of HCl. Add a few drops of HNO3 if HCl fails to effect 
a solution. Write équations. 

Note. — CoS and NiS are dissolved very slowly by HCl but much 
more rapîdly in aqua regia. The oxidizing action of aqua regia removes 
the S", thus shifting the equilibrium and allowing the cobalt and nickel 
to pass into solution. 

Experiment 24. — ^To the clear solutions (Exp. 23) 
add NaOH to alkaline reaction and then about i gram 
of solid Na202, a little at a time. Note any changes 
în the précipitâtes caused by the Na202. Boil to expel 
excess Na202. Write équations. 

Note. — Na202 oxidizes Mn(0H)2 to the less soluble MnO(OH)2, 
Fe(0H)2 to Fe(0H)3 and Co(0H)2 to Co(OH)3. Ni(0H)2 is only parti- 
ally oxidized to Ni(0H)3. AU thèse compounds are insoluble in an excess 
of NaOH, differing in this respect from the hydroxides of the aluminium 
divisÎQQ. 
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Experiment 25. — Decant or filter off the Uquîd from 
the précipitâtes (Exp. 24) and add 5-10 ce. of HNO3. Note 
the fact that iron, cobalt and nickel hydroxîdes readily 
dissolve. Heat the mixture contaîning the manganèse 
nearly to boiling and add H2O2, a few drops at a time, 
until solution îs complète. Write équations. 

Note.— MnO(OH), is not affected by HNOi alone, but if reduced 
to a lower oxide Jt is dissolved as Mn(NOj)î. The redurtion is readily 
brought about with HiOi, oxygen being evolved. 

Experiment 26. — Heat the solutions (Exp. 25) to boil- 
ing and add gradually 1-2 grams of solid KCIO3 or NaClOs. 
Boil for a minute or two. Note the précipitation of Mn02. 
(Différence, séparation of Mn.) Write équations. 

Ezperment 26a. — ^Filtcr off the liquid from the MnOa 
(Exp. 26), add 5-10 ce. of 16N. HNO3 and 1-2 grams of 
PbOa. Boil for a minute or two and set aside till the 
Pb02 settles. The purple color of the solution is due 
to HMn04. Write équations. 

Experiment 27.— To the solutions of iron cobalt and 
nickel (Exp. 26) slowly add NH4OH to distînctiy alkaline 
reaction. Note the précipitation of Fe(0H)3. (DifTer- 
ence, séparation of Fe.) 

Note, — The Co(OH)) and Ni(OH)) at fîrst formed dissolve in an excess 
of NH.OH with the formation of the complex ions Co(NHi)i''"'' and 
Ni(NH,),+ +. (See Introduction 15.) 

Experiment 27a. — Decant or filter the liquid from the 
Fe(0H)3 precipitate (Exp. 27) and dissolve it in a small 
quantity of 6N. HCl. Dividc the solution into two parts 
and add K4Fe(CN)o to the one and KCNS to the other. 
Write équations. 

Note.— It is important touse HCl as thesolvent forFe(OH),-HNO, 
must not be used since the subséquent reaction with KCNS is rendered 
much less délicate in îts présence, NOi, a common impurity in HNOt, 
also giving a red color with KCNS. The test is extremely délicate, and 
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when only a faint red color is produced the acids used should be tested 
for iron. The red color is due to the formation of non-iomz«d ferrie 
thiocyanate [Fe(CNS)i] and the test is thereforo rendered more deîicate 

when an excess of the reagent is used. K.Fe{CN)(i gives wîth Fe ■*■ 
a deep-blue precipitate of Fe,(Fe{CN)()i (Prussian b!ue). 

Experiment 28. — Saturate the solutions of cobalt and 
nickel (Exp, 27) with H2S. Dccant or filter the liquid 
from the précipitâtes of CoS and NiS and dissolve by the 
addition of HCl and a few drops of HNO3. Evaporate 
to 1-2 ce. and just neutralize with NaOH. Add HC2H3OB 
to very faintly acid reaction, and a considérable excess of 
potassium nitrite (KN02). Note the précipitation of 
potassium cobaltinîtrite (K3Co(N02)ti). (Différence, détec- 
tion of Co.) 

Note. — In very faintly acid reaction, cobalt produces with KNO» a 
yelJow crystalline precipitate of KjCo(NOi)i; hence the necessity of 
neutralizing the strong acid with NaOH and subsequently rendering 
the solution add with the weak HCjHiOj. The precipitate may form 
rather slowly. The reaction preceeds as foUows: ■ 

Co(NO,), +7KNO, +2HC-H,0î- K.Co{NO,),+NO + 2KC,H/), + 2KNO, 

A part of the KNOi is used in oxidizîng the cobalt to the trivalent con- 
dition. This then unités with the excess KNOi to form the complex 
sait KjA»(NO,).. The KsCo(NO,), is somewhat sobble in water but 
much less so in KNOi solution, owing to the common ion effect of K""". 

Experiment 29. — To the solution containing nickel 
(Exp. 28) add NHiOH to faintly alkaline reaction, heat 
to boiling to drive ofT excess NH3 and then add a few drops 
of dimethyl-glyoxime. Note the précipitation of nickel 
dimethyl-glyoxirae [Ni|(CH3)2C2N202Hf2]. (Différence, 



détection of Ni.) 
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TABLE VII 

OUTLINE FOR THE SySTEMATIC SEPARATION AND DETECTION OF GrOUP III 

(Fe Division) 



No. 



I 

2 
3 



5 
6 

7 



8 



Reagent 



HNOa 

HaOa 

KClOa 

HNO, 

PbOa 
*NH40H 

HCl 

(a) K4Fe(CN)« 

(b) KCNS 
HtS 

HCl— KClOa 
NaOH 

HCjHiOa 
KNOa 
NH4OH 
(CHa)îC2(N0H), 



MnO(OH)2 



MnO(OH)2 

Mn(N08)2 
MnO» 

HMn04 



Fe(OH)a 



Fe(NOa)a 
Fe(NOa)8 
Fe(NOa)i 



Fe(OH)a 

FeCli 

Fe4(Fe(CN)6)a 



Fe(CNS)i 



Co(OH), 



Co(NOa)î 
Co(NOa)î 
Co(NOa)j 






Co(NH,)4(NOa)j 



CoS 
CoCli 

KjCo(NO«)< 



1 



Ni(0H)2 



Ni(NOa)î 
Ni(NOa), 
Ni(NO,)2 



1 



Ni(NHa)4(N0|)i 



NiS 
NiCl, 

K4Ni(NQj)« 
Ni(CH.),CtNtO«H)» 



* If phosphates may be présent, the procédure should foUow Table VIII. 



TABLE VIII 

OUTLINE FOR THE SySTEMATIC SEPARATION AND DETECTION OF Fc, Co AND Ni 

When Phosphates may be Présent 
Ions présent in HNO3 solution 



Reagent 


PO4 


Fc+++ 


Co-H- 


Ni++ 


I (a) (NH4)2Mo04 


(NH4)«PO«(MoOa)i-; 


Fe+++ 
Fe4(Fe(CN)e)« 

FeCCîHaOï)» 
Fe(OH)2CjHaOj 


Co++ 
Co++ 

Co++ 

CO(C2H302)2(?) 

CoS 


Ni++ 


ib) HCl 

+K4Fe(CN)(, 
(c) (NH4OH 

+HC2Ha02 
(NH4CjHa02 
+ FeCla 
2 NH4C2HaQ2 


FePOi 

1 


Ni-H- 

Ni++ 
Ni(CHtOt)i(?) 


3 H2S 


f 


NiS 
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Group III, Iron Division 

{70) Précipitation of Manganèse. — Transfer the pre- 
cipîtate obtained in {51 ) to a porcelaîn dish, together with 
thc filter if necessary; add 5-20 ce. of 6N. HNO3, heat 
pearly to boiling and, if any of the precipitate remaîns 
undîssolved, add slowly and with constant stirring 3 per 
cent H2O2 solution until the precipitate has completely 
dissolved. Filter to remove the paper and evaporate 
almost to dryness. Add 10-15 ce. of 16N. HNO3. heat 
to boiling, add 0.5-1 gram of powdered KCIO3 and boil 
gently. If a large precipitate forras add 1-2 grams 
more KClOa, a small portion at a tîme. A dark brown 
or black precipitate shows the présence of manganèse. 
Filter through an asbestos filter (see Discussion 42). Heat 
the filtrate to boiling and add 0.5 gram more of powdered 
KCIO3. Boîl gently. If a precipitate forms add 1-2 
grams more KClOs, heat to boiling and filter through 
the same filter. Wash the precipitate with a little 16 N. 
HNO3 which has been freed from the oxides of nitrogen 
by warming with a little KCIO3. Treat the precipitate 
by (71) and the filtrate by (72). 

(71) Confirmatory Test for Manganèse. — Transfer the 
precipitate (70) to an evaporating dish, add 1-2 grams 
of lead dioxide (PbOa) and 10-15 ce. of 6N. HNO3. Heat 
the mixture to boiling and boil for one to two minutes. 
Then pour into a test-tube and allow the PbOa to settle. 
A purple solution shows manganèse to be présent 

(72) Détection of Phosphate. — Heat about one- 
tenth of the filtrate from (70) to boiling and pour it into 
about three times its volume of ammonium molybdate 
I(NH4)2Mo0.i] reagent. (See Discussion 43.) The formation 
.of a fine yellow precipitate shows the présence of phosphate. 

If phosphate is shown to be présent treat a second 
one-tenth portion of the filtrate by (75). 
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If phosphate is absent treat the remainîng nine-tenths 
by {73)- 

(73) Séparation of Iron in the Absence of Phosphate. — 
If phosphate was shown to be absent add NHiOH to the 
remainîng nine-tenths of fîltrate (70) until it is dîstinctly 
alkaline and then 4-5 ce. in excess. The formation of 
a reddish-brown precipitate shows the présence of îron. 
Filter and wash the precipitate, Treat the fîltrate by 
(77) and the precipitate by (74). 

(74) Confirmatory Test for Iron. — Dissolve the pre- 
cipitate (73) by pouring a 5-10 ce. portion of 6N, HCl 
repeatedly through the filter. To the resulting solution 
add a few drops of potassium ferrocyanide [K4Fe(CN)e] 
solution. A deep-blue precipitate (Prussian blue, 
Fe4(Fe(CN)fl}3) shows the présence of iron. 

(75) Détection of Iron in the Présence of Phosphate. — 
If phosphate was shown to be présent evaporate about 
one-tenth of the fîltrate (70) to dryness, add 1-2 ce. of 
12N. HCl and evaporate to dryness again. Dissolve the 
residue in 5-6 ce. of 6N. HCl and add 5 ce. of potassium 
thioeyanate (KCNS) solution. A red coloration shows 
the présence of iron. Treat the remaînder of fîltrate 
(70) by (76). 

{76) Removal of Phosphate. — To the remaînder of 
the fîltrate from (70) add NH40H slowly and with fré- 
quent stirring, until the precipitate formed just faîls to 
redissolvc. The solution should not be alkaline. If, 
owing to the addition of too much NH^OH, it has become 
alkaline or a large precipitate séparâtes, HCaHaOa should 
be added to distinct acid reaction. Add 15 ce. of 3N. 
NH4C2H3O2 solution and unless the mixture has a 
brownish-red color add ferrie chloride (FeClg) solution 
drop by drop, until a brownish-red color is produced, 
(See Discussion 44,) Transfer the mixture to a 250 ce. 
flask, add water to make a total volume of about 100 ce. 
and boil for five minutes, adding more water if a large 
precipitate séparâtes. Allow the mixture to stand one 
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to two minutes, filter whîle still hot and wash with hot 
water. To the filtrate add lo ce. of 3N. NH4C2H302 
solution and boil. If a precipitate séparâtes filter it off 
through a separate filter and rejcct. Make the filtrate 
alkaline with NH4OH and treat it by (77). 

(77) Séparation of Zinc, Cobalt and Nickel.— Pass 
H2S into the filtrate {73) or (76) untîl, after shaking, the 
vapors blacken filter paper moistened with lead acétate 
[PbCCaHaOsjïl solution. The formation of a black pre- 
cipitate indicates the présence of nickel or cobalt or both ; 
a white flocculent precipitate indicates zinc. Filter, wash 
the precipitate with water containing a few drops of 
CNH4)2S and treat it by (77a) uniess zinc has aiready 
been found; otherwise treat it by (78). Treat the filtrate 
by (80) if phosphate or much chromium has been found. 
Otherwise rejcct it. (See Discussion 45.) 

(77a) Séparation of Zinc from Cobalt and Nickel. — If 
zinc has aiready been found this procédure may be omitted 
and the precipitate from (77) treated directly by (78). 
If zinc has not aiready been found, transfer the precipitate 
(77)1 with the filter if necessary, to an evaporating dish, 
add 10-30 ce. of iN. HCl and stir the cold mixture for 
' about five minutes. Filter, wash the residue and treat 
it by (78). Boil the filtrate until the H2S ia completely 
expelled. Make the solution alkaline with NaOH. To 
the cold solution add, with constant stirring, about i ce. 
of powdered NaaOa, a little at a time. Boil to décompose 
excess Na202, cool and filter. Unité the residue with 
that undissolved by the iN. HCI above and treat by (78). 
Addify the filtrate with HC2H3O2 and test it for zinc 
sccording to {64). (See Discussion 46.) 

(78) Détection of Cobïdt, — Transfer the combined resi- 
(ines from (77a) to a porcelain dish and add 5-15 ce. of 
6N. HCI. Heat the mixture nearly to boiling, and while 
™t sprinkle înto it a little powdered KCIO3. When the 
•■eaction is complète and only a residue of sulphur remains, 
filter and evaporate the filtrate almost to dryness. Take 
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up the residue with 1-2 ce. of water and make the solution 
just neutral with NaOH. (Test with litmus.) Add 2-3 
ce. of 6N, HC2H3O2 and then 3-5 ce. of potassium nitrîte 
(KNO2) solution and let the mixture stand, with occasional 
shaking, for fifteen to twenty minutes. (See Discussion 
47.) The formation of a yellow crystalline precïpitate 
shows the présence of cobalt. Filter and treat the filtrate 
by (79). 

(7g) Détection of Nickel. — Dilute the filtrate from (78) 
to about 25 ce, add NH4OH until the solution is just 
alkaline. Heat to boiling to expel excess NH3 and then 
add a few drops of dimethyl-glyoxime [(CH3CNOH)2] 
solution, and if a red precipitate or coloration does not 
form at once allow the mixture to stand five to ten minutes. 
A red precipitate shows the présence of nickel, (See 
Discussion 48.) ^h 
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Discussion 

42. Owing to the oxidizing action of strong HNO3, 
the precipitate of MnOa cannot lie filtered through an 
ordinary filter paper. An asbestos filter may be prepared 
by placing a small pinch of glass wool in the neck of a 
funnel, tamping it gently with the finger and pouring 
over it a suspension of fine asbestos fiber in water, enough 
to make a layer 2-3 mm. thick. 

43. If the solution containing the ammonium molyb- 
date is heated much above 60° C, white insoluble molybdic 
acid (M0O3) may separate out and render the test for 
phosphate much less délicate. The yellow precipitate 
is (NH4)3P04- 12M0O3 and is most readily formed at 
about 60° in the présence of a large excess of (NH4)2Mo04 
and HNO3. 

44. The séparation of ferrie iron and phosphate from 
the bivalent éléments is based on the following facts: 
The solubility product for FePO^ is much smaller than that 
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DISCUSSION (42-48) 

for the phosphates of the bivalent éléments. In a boîlîng 
acetic acid solution containing a large excess of the acétate 
ion, insoluble basic ferrie acétate [Fe(OH)zC2Ha02] is 
formed. In order to issure complète removal of the phos- 
phate and prevent its interaction with the bivalent éléments 

excess Fe + is necessary. Thîs is shown by the brownish- 
red color of Fc(C2H302)a. The séparation is satisfactory 
and complète if accurately carried eut. If the solution 
is allowed to become alkaline much of the iron will pre- 
cipitatc £:s Fe(0H)3 while the bivalent éléments may form 
insoluble phosphates or hydroxides. On the other hand, 
if the solution is too acid the FeP04 will not be precipî- 
tated owing to the formation of HP04~ and the conséquent 

réduction af the ion product Cpe "*" -Cpoj". If there is 
a tendency toward the formation of colloïdal FePO^ ïts 
coagulation may be greatly promoted by boîling. 

45. The solution obtaîned after the removal of zinc, 
cobalt and nickel may contain some or cven ail of the 
alkaline earth raetals. In the présence of phosphate, 
barium, strontium, calcium and magrïesium may be pre- 
cipitated as phosphates along with the metals of Group II!, 
In the présence of much chromium, magnésium may be 
precipitated completcly as Mg(Cr02)2. 

46. Although cobalt and nickel sulphides are soluble 
m HCI the reaction is comparatîvely slow even in moder- 
ately concentrated solutions. Therefore, when a mixture 
of the sulphides of zinc, cobalt and nickel is treated wîth 
a cold iN. solution of HCI the greater portion (80-90 per 
cent) of the cobalt and nickel remains undissolved, whîle 
ail of the zinc passes into solution. The subséquent 
treatment of the solution with NaOH and Na202 gives 
a very satisfactory séparation since the cobalt and nickel 
aj'e présent in such small quantities that only an insig- 

, nificant amount of zinc is carried down with them. 

47. It has been mentioned (see note, Exp. 28) that 
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when KN02 îs added to an acid solution containing cobalt 
and nickel a part of the HNO2 formed oxidizes the cobalt 

from the cobaltous (Co + +) to the cobaltic (Co "'" ) state. 
The cobaltic ion in turn unités with the nïtrite ion to form 

the complex ion Co(N02)6 ^ . In the présence of 
HC2H3O2 the solubîlity product for KaCo(N02)o is soon 
reached, resulting in the précipitation of potassium cobalt- 
initrite [K3Co(N02)h]. Nickel is not readily oxidized by 

HN02 to the nickelic (Ni ■*" } state although it does form 
the complex ion Ni(N02)a++. The potassium sait 
K4Ni(N02}fl is fairly soluble, howevcr, so that little or no 
nickel is prccipitatcd with the cobalt. Since K3Co(N02)(i 
is readily soluble in strong acids the necessity of neutral- 
izing the HCI and subscquently acidifying with the 
weaker HC2H3O2 is apparent and since both cobalt and 
nickel form complex ions with N02~ a large excess of 
KNO2 must be added. 

48. Dîmethyl-glyoxime is a weak monobasic organîc 
acid having the formula (CH3)2C2(NOH)2. It reacts 
with the nickel ion {Ni + +) according to the following 
équation : 

CH,— C— NOH CH,— C— NOH HON— C— CH, 

Ni+++2 : — : : +xH+ 

CH,— C— NOH CH,— C— NO— Ni— ON— C— CH, 

Nickel dimethyl-glyoxime is least soluble in a neutral or 
weakly acid solution, is very voluminous and has an intense 
red color. It is capable, therefore, of detectîng very 
small quantities (0,1 mg.) of nickel. 

In the présence of cobalt, dimethyl-glyoxime produces 
a brown coloration which deepens as the amount of cobalt 
is increased. It is advisable, therefore, to remove the 
cobalt before making the test for nickel. 
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Preliminary Experimenls 

Ba+^, Sr++, Ca+ + 

In connection with the following experiments study 
■■Table IX. 

Experiment 30. — Ta separatc 5-cc. portions of the 
test solutions containing the above ions add NH4OH, 
drop by drop, till îts odor persists after shaking. Heat 
to boilingand then add ammonium carbonate [{NH4)3C03] 
in slight excess. Allow the précipitâtes to settle, decant 
off the liquid and dissolve the précipitâtes in HCaHsOa. 
Write équations. 

Experiment 3i.^Divide the solutions (Exp. 30) into 
two portions each. To one add an equal volume of satu- 
rated calcium sulphate (CaS04) solution. If a precipitate 
doÊS not form immedlately heat to boiling. Note the 
character of the précipitâtes and the relative time for 
précipitation. Write équations. 

Ejcperiment 32. — Détermine the color of the flame 
produced by barium, strontium and calcium by introducing 
a littleof each (second portion, Exp. 31) on aclean platinum 
wire into the coloriess flame of the Bunsen burner. (Cau- 
tion: the platinum wire should be held only in the outer 
cône of the Bunsen fiame.) 

Experiment 33. — To the acetîc acid solutions of the 
above metals (second portion, Exp. 31) diluted to about 
50 ce. add potassium dichromate (K2Cr207) solution. 
Note the précipitation of BaCr04. (Différence, séparation 
pf Ba.) Write équations. 






Note. — ^The soIubîUty of the chromâtes of barium, strontium and 
ium in 100 ce. of water at 10° is 0.38, 120 and 400 mgs. respectively 
From this it is évident that in comparatively dilute solutions practically 
no strontium or calcium will be predpitated. From more concentrated 
solutions, however, some strontium may sepaiate oui; as SrCrO,. 




74 



CATIONS— (METAL IONS) 



Experiment 34. — To each of the solutions contaînîng 
strontium and calcium (Exp. 33) add NH4OH to alkalîne 
réaction, heat to boiling and add (NH4)2C03 in excess. 
Note the précipitation of SrCOa and CaCOa. Filter, 
wash the précipitâtes and dissolve them by pouring a 
small quantity of hot HC2H3O2 repeatedly through the 
filter. Write équations. 

Experiment 35. — Dilute the solutions (Exp. 34) to 
20-25 ce, heat to boiling and add ammonium sulphate 
[(NH4)2S04] solution. Boil for two to three minutes and 
filter. To the filtrâtes add NH4OH to alkaline reaction 
and then ammonium oxalate [(NH4)2C204] solution. Note 
the précipitation of CaC204. (Différence, détection of 
Ca.) Write équations. 

Notes. — ^The solubility of the sulphates of strontium and calcitim 
in 100 œ. of water at 18® is 1 1 and 200 mgs. respectively. The correspond- 
ing solubility of their oxalates is 4.6 and 0.56 mgs. From this it will 
be noted that a complète séparation of strontiimi and calcitmi cannot 
be obtained by means of their sulphates, but it is also évident that there 
will remain in the filtrate enough CaS04 to be easily detected with 

(NHOïCaO*. 

The solubility of the salts of barium, strontium and calciimi in mgs. 
per 100 ce. of water at 18** is shown in the foUowing table: 





CO3 


Cr04 


SO4 


C2O4 


Ba 


2.3 


0.38 


0.23 


8.6 


Sr 


1. 1 


120. 


II. 


4.6 


Ca 


1-3 


400. 


200. 


0.56 
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TABLE IX 

OUTLINE FOR THE SySTEMATIC SEPARATION AND DETECTION OF GrOUP IV 

Ions présent in acid solution 





Reagent 


Ba+ + 


Sr+ + 


Ca+ + 


I 


NH40H + (NH4)2C03 


BaCOa 


SrCOa 


CaCOa 


2 


HC2H8O2 


Ba(C2H302)2 


Sr(C2H,02)2 


Ca(C2H202)2 


3 


(a) CaS04(sat. soin.) 


BaS04 


SrS04 


Ca(C2Ha02)2 




(b) KîCr^O: 


BaCr04 


SrCr04 


CaCr04 


4 


NH40H + (NH4)2C08 


> f 


SrCOa 


CaCO, 


5. 


HC2H8O2 




Sr(C2Ha02)2 


Ca(CiH,02), 


6 


(a) CaS04(sat. soin.) 




SrS04 


Ca(C2H,02)2 




(b) (NH4)2S04 




SrS04 


CaS04 


7 


(NH4)2C204 


• 


i 


CaC204 



Analysis 



Group IV 
Ba++, Sr++, Ca++ 

(80) Précipitation. — Evaporate the filtrate from Group 
III (50) to 15-20 ce. Filter off any free sulphur. (See 
Discussion 49.) Heat to boiling (see Discussion 50), add 
(NH4)2C03 as long as a precîpitate continues to form, 
and allow the mixture to stand about ten minutes. A 
whîte crystalline precipitate indicates the présence of 
Group IV. Filter, treat the precipitate by (81) and the 
filtrate by (82). (See Discussion 51.) 

(81) Détection of Barium and Strontium. — Dissolve 
the precipitate (80) by pouring a hot lo-cc. portion of 
6N. HC2H3O2 repeatedly through the filter. To a small 
portion of the resulting solution add an equal volume of 
saturated CaS04 solution. The immédiate formation of 
a whîte precipitate shows the présence of barium. A 
white precîpitate which forms only slowly or on warming 
shows the absence of barium and the présence of strontium. 
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If no precipitate forms, both barium and strontium are 
absent. (See Discussion 51 and 52.) 

If barium is shown to be présent, treat the remainder 
of the solution by (83); if barium is absent and strontium 
is shown to bc présent, treat by (85) ; if both barium and 
strontium are absent treat by (86). 

(82) Détection of Traces of Bariuin and Calcium. — 
To a portion of the filtrate (80) add 1-2 ce. of (NH4)2SO* 
and warm. A white precipitate (turbidity) shows the 
présence of barium. To the remainder of the filtrate (80) 
add 1-2 ce, of (NH4)ïC204. A white precipitate (tur- 
bidity) shows the présence of calcium, Reunite the two 
portions, filter off any precipitate and treat the filtrate for 
Group V by (90). (See Discussion 51.) 

{83) Séparation of Barium. — Dilute the remainder of 
the solution (81) to about 75 ce. and add 5 ce. of 
NH4C2H3O2. Heat to boiling, and while hot add K2Cr207 
in slight excess. A large excess should be avoided. {See 
note, Exp. 33.) Filter while hot and treat the filtrate 
by (84). 

A confirmatory test for barium may be made as follows: 
Dissolve the precipitate of BaCr04 in dilute HCl; add 
about 0.5 ce. of alcohol (C2H50H) and boil until the yellow 
color entirely disappears and the solution becomes green. 
Neutralizc with NH4OH and filter off the Cr(0H)3, 
Acidify the filtrate with HCI and evaporatc nearly to dry- 
ness. Introduce a little of this solution on a clean platinum 
wire into the colorless flame of the Bunsen burner, A 
green color shows the présence of barium. 

(84) Précipitation of Strontium and Calcium. — ^To the 
filtrate (83) add NH4OH to alkaline reaction; heat to 
boiling and add (NH4)2C03 solution în excess. Allow 
the mixture to stand five to ten minutes and filter. Reject 
the filtrate. Dissolve the precipitate in a few ce. of 6N. 
HC2Ha02 and test for strontium as outlined in {81). 

(85) Séparation of Strontium. — Dilute the solution 
(84) to about 20 ce; heat to boiling and add (NH4)2S04 
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solution, as long as a precipitate continues to form. FUter 
and treat the filtrate by (86). 

A confirmatory test for strontium may be made as 
follows: Add to the precipitate of SrSOi about ten tîmes 
îts volume of solid Na2C03 and lo ce. of water, and boil 
three to five minutes. Filter, dissolve the residue in 2-3 
ce, of HC! and introduce a small portion of the solution 
on a clean platinum wire into the colorless flame of the 
Bunsen burner, A deep red color shows the présence 
of strontium. (Caution: Do not confuse wîth calcium, 
yeilowish-red color.) 

(86) Détection of Calcium.— To the filtrate (85) add 
NH4OH to alkaline reaction, and then (NH4)2Cî04. 
A whîte crystalline precipitate shows the présence of 
calcium. 

A confirmatory test for calcium may be made by 
moistening the CaC204 precipitate with a little conc. 
HCI and introducïng a small portion of it on a clean 
platinum wire into the colorless flame of the Bunsen 
humer. A yellowish-red color shows the présence of 
caldum. 



Discussion 



r49, The solution to be tested for Group IV' should 
be clear and colorless and should contain only a moderate 
excess of NH4CI. Any yellow or brown color due to 
undetx>mposed (NH4)ïS or small quantities of nickel or 
chromium. not precipitated in Group III, will usually 
be removed by the e^-aporation as directed in (80), XiS 
îs sligfatly soluble ïn excess ('\H4)2S, forming a brown 
solution. A large excess of NH4CI will hold chromium 
in solution as Cr<ri3-4XH3, a red solution. 

The filtrate from Group III may also contain «naît 
quantities of aluminium, oning to its amphotetic 0. 
Introduction i6j nature. Evaporatîon décomposes r^XH^jaS 
and vt^tilizes excess XHi whîch causes the predpitatîoa 
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of any NiS and A1(0H}3 that may be présent. If the 
solution is still colored from chromium it should be evapo- 
rated to dr>'ness, taken up in lo ce. of water and filtered 
to remove excess ammonium salts and CrfOH)3. 

50. Group IV should be precipitated from a hot solu- 
tion in order to insure complète séparation from magnés- 
ium, which forms a double sait, MgC03-(NH4)2CO-4H20, 
with {NH4)2CO:! only moderately soluble în cold water. 
It is much more soluble in hot water. The solution should 
not be boiled after the addition of the precipitating agent 
(NH4)2C03, owing to the fact that it décomposes quite 
rcadily when heated, From a cold solution the carbon- 
ates are precipitated in a fine state of division, Heat 
favors the formation of larger particles. 

51. Owing to the appréciable solubility of the alkali 
earth carbonates {see table foUowing note, Exp. 35), 
traces of thèse metala may remain in the filtratc after 
précipitation with (NH4)iiC03. The insolubility of thcir 
phosphates makes it necessary to remove them Ijcfore 
testing for magnésium in Group V. 

52. The method of analysis as outlined does not permit 
a complète séparation of barium, strontium and calcium; 
yet it cnables the analyst to détermine with a rather high 
degree of accuracy their présence or absence. The principle 
involved in the détection of barium and strontium is 
based on the relative solubility of their sulphatcs. (See 
table following notes, Exp, 35.) A saturated solution 
of CaS04 produces enough SO4" to cause an immédiate 
précipitation of BaS04, but owing to the larger solubility 
product of SrS04 the solution is saturated with it only 
slowly or after hcating. The différence in tîme required 
for the précipitation of BaS04 and SrS04 under the con- 
ditions stated is quitc marked, so that it is comparatively 
easy to distinguish betwecn barium and strontium. 

53. The test for calcium assumes the absence of 
strontium and barium and the test for strontium assumes 
the absence of barium; hcnce, if barium is shown to be 
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B présent it must be removed before making the tests for 
strontium or calcium. Précipitation as BaCrOj effect- 
ively removes the barium, while little or no SrCr04 or 
CaCrOi are precipitated. (See table foUowing notes, 

IEkp. 35) 
The séparation of strontium and calcium wïth 
(NH4)2S04 îs not complète. Some of the calcium may 
be precipitated with the strontium and some of the stron- 
tium wiU remain in the solution, though not enough to 
interfère with the test, Enough calcium will always 
remain in the filtrate, however, to give a precipîtate 
with (NH4)2CzOi, owing to the very slight solubility 

of C3.C2O4. 



Preliminary Experiments 

Mg*+, NH4 + , K + , Na+ 

In connection with the following experiments study 
[ Table X. 

Experiment 36. — To 5 ce. of the test solution contain- 

r ing Mg++ add an equal volume of NH4CI. Make dis- 

[ linctly alkaline with N'HiOH and add sodium phosphate 

(Na2HP04) solution. The precipitate is MgNH4PO«, 

■ To a second 5-cc. portion of the test solution add NH4OH 

I to alkaline réaction. Note the précipitation of Mg(OH)ï. 

Now add, without' filtering an cxcess of \H4Cl. Why 

does not Mg(OH)2 precipitate in Group III? Explain. 

Write équations. 

Experiment 37. — Evaporate a small quantity of NH4CI 
to dryness in a porcelain dish and beat the residue. To a 
second portion in a test-tube add XaOH. Note the odor 
of the gas evolved and its effect upon a pîece of moist 
l litmus paper. What is the gas evolved? Why can 
Ws reaction be used as a test for XH4+? 
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Experiment 38. — ^To separate i-cc. portions of the test 
solutions of Mg++, K+ and Na+ add 10-15 drops of 
perchlorîc acîd (HCIO4). AUow the mixtures to stand 
for a short time. Note the précipitation of KCIO4. (Dif- 
férence, détection of K.) 

Experiment 39. — ^To separate i-cc. portions of the test 
solutions of K+ and Na"*" add an equal volume of alcohol 
and then about i ce. of fluoboric acîd (HBF4). Note 
the précipitation of KBF4. (Différence, séparation of K.) 
Write équations. 

Experiment 40. — Repeat Exp. 39, substituting fluo- 
silicic acid (H2SiF6) for the HBF4. Note the character 
of the précipitâtes formed. Why must potassium be 
removed before testing for sodium? Write équations. 

Experiment 41. — Détermine the color of the flame 
produced by potassium and sodium by introducing a 
sait of each on a clean platinum wire, into the colorless 
flame of the Bunsen burner. 
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TABLE X 

OUTI.IHE FOR THK SYSTEltATIC SEFABATION AND DETECTION OF GrOUP V 



No. 


Reagent 


Mg^^ 


NH.+ 


K+ 


Na+ 


, 


Na,HPO. 












NH.OH 


MgNH.PO* 


NH, + 


K+ 


Na+ 


I 


NaOH 


1 


NH. î 


K-f- 


Na+ 


S 


(a) HCIO, 




KCIO. 


NaCIO, 




(6) HBF, 








NaBF, 


4 

l 


HjSiF, 






1 


Na,SiF. 



Mg^ 



Group V 
+, NH4+, K + 



Na 



(90) Détection of Magnésium. — E\'aporate the filtrate 
from (82) in a porcelain dish until the ammonium salts 
begin to crystallize out. Filter, and to one-third of the 
filtrate add 1-2 ce. of NaaHPO* and enough 15N. NH40H 
to make one-third the total volume. Shake the mixture 
vigorously for two to three minutes, and if a precipitate 
does not form, rub the walls of the vessel with a glass rod 
(see note, Exp. 14a) and allow ït to stand for some time. 
A white crystalline precipitate is MgNH4P04. (See Dis- 
cussion 54.) Acidify the remaining two-thirds of the 
filtrate above with HCl and treat by (91). 

If the precipitate of MgNH4P04 is of doubtful form 
it should be filtered, dîssolved ofï the filter with a small 
quantîty of HC2Ha02 and reprecipitated by the addition 
of NHiOH and a small quantity of NaHP04. 

(gi) Détection of Potassium. — Transfer the solution 
(90) to a porcelain dish and evaporate to dryness. Place 
the dish on a clay triangle and ignite till the ammonium 
salts are completely expclled. {See Discussion 55.) Dis- 
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solve the residue in 5-6 ce. of water, transfer about i ce. 
of the resulting solution to a watch glass and add a few 
drops of perchloric acid fHC104). The formation of a 
white crystalline precipitate shows the présence of potas- 
sium. Confirm by means of the ftame test. (See Pre- 
Hminary Exp. 41.) Treat the remainder of the solution 
by (92) if potassium was found, otherwise by (93). 

(92) Removal of Potassium, — To the remainder of 
the solution (91) add an etjua! volume of alcohol and an 
excess of fluoboric acid fHBF^). Filter off the precipitate 
of KBF4 and treat the filtrate by (93). 

(93) Détection of Sodium. — To the filtrate (92) add 
1-2 ce. of fluosilicic acid (HaSiFo) and allow the mixture 
to stand a few minutes. (See Discussion 58.) A white 
gelatinous precipitate shows the présence of sodium. 
Confirm by means of the flamo test, (See Preliminary 
Exp. 41.) 

(94) Détection of Ammonium. — The test for NHi + 
must be made on a small portion of the original substance. 
Introduce 3-4 ce. of the original substance, if it is a liquid, 
or about o.r gm. if it is a solîd, into a small beaker, and 
add NaOH till the mixture is distinctiy alkalinc. Test 
the vapors with a pièce of red litmus paper placed on the 
under sîde of a watch glass covering the beaker. If no 
change is observed in the litmus, warm the mixture gently, 
but do not boil. If the red litmus turns blue ammonium 
salts are présent, ^™ 

Discussion ^B 

54. Since there are no characteristic color reactions 
that can be used for the détection of magnésium it becomes 
necessary to use considérable care in manipulation in 
order to secure a precipitate that can be recognized and 
depended upon, MgNH4P04 is a white crystalline sub- 
stance soluble in HC2H3O2, but insoluble in NH4OH. 

Practically ail the metals, except alkali metals, form 




phosphates insoluble în NH4OH, hence the necesslty of 
having a clear solution cntirely free from metals of the 
previous groups. The presenfe of NH4CI is necessary 
to prevent the précipitation of Mg(0H)2, a whîte flocculent 
precipitate. (See Discussion 34.) 

55. Since the présence of ammonium salts interfères 
with the subséquent tests for potassium and sodium, it 
is necessary that their removal be complète. Ammonium 
compounds react with both HCIO4 and H2SiFo to form 
the corresponding ammonium salts, which are only slightly 
soluble under the conditions of the experiments. In order 
to insure the complète volatilization of the ammonium 
salts ail parts of the dish should be well heated, though 
it mu5t not be heated nearly to redness since both KCl 
and NaCl are somewhat volatile at that température. 

56. In testing for potassium and sodium by means 
of the flame, a faint yellow coloration will almost invari- 
ably be obtained, owing to the fact that traces of sodium 
are nearly always présent in the reagents previously used. 
A fleeting yellow tinge should not be taken as évidence 
of the présence of sodium, but the yellow color should be 
distinct and persistent. 

57. The color of the fiame may be used to detect 
potassium în the présence of considérable amounts of 
sodium, if a blue glass is used to eut out the yellow sodium 
rays. With sniall amounts of potassium, however, this 
test is not always satisfactory. 

58. Fluosilicic acid (HzSiFe) reacts slowly with glass, 
so that on long standing in a glass vessel it will usually 
produce a precipitate even in the absence of sodium. 
Since the XaaSiFfi precipitate is scmitransparent, the 
reaction should be carried out în a clear test-tube or on 
a watch glass. 
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QUESTIONS FOR REVIEW 

1. Name the group reagents and the compounds pre- 
cipitated by each. 

2. Why is a precipitate sometimes obtaïned on the 
addition of water before adding the group reagent? Give 
examples. 

3. Why do bismuth and antimony sometimes pre- 
cipitate in Group I ? 

4. What is the effect of adding NH4OH to AgCl, 
HgaClz? Write équations. 

5. Can HCl be substituted for NHiCl— HNO3 in the 
précipitation of Group I ? Explain. Could NaCI be used ? 

6. Explain what is meant by the following ternis ; 
hydrolysis, reagent, precipitate residue, filtrate, colloidal 
solution. J 

7. Define ion, acid, base, sait, oxidation, réduction. H 

8. State the law of mass action. 1 

9. What is meant by common ion, solubiiity product, 
ionization constant, complex ion? 

10. How may 2N. HCl be made from 6N. HCl? 

11. Explain by meansof the solubility-product prînciple 
why PbCIï is less soluble in a solution containing NH4CI 
than in pure water. 

12. Explain by means of the law of mass action why 
AgCl is soluble in NH4OH and is reprecipitated on the 
addition of an acid. 

13. Why is ît necessary to hâve a definite concentration 
of acid for the précipitation of Group II? What is the 
eflfect if the acid concentration is too great, or if ît is toc 
small? Explain by means of the solubility-product prin- 
cipie. 

14. What précautions must be taken in the treatment 
of the Group II precipitate with (NH4)2Si reagent! Why? 

15. Why is it necessary to test for lead and mercury 
in both Groups I and 1 1 ? 

16. What are the colors of the following compounds, 
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precipîtated in Group II: HgS, Pbs, BbSg, CuS, CdS, 
AsaSa, Sb2S3, SnS, SnS2? 

17. Why is it necessary to evaporate till white fumes 
appear în the séparation of lead in Group 1 1 ? 

18. What is the effect of adding NH^OH to a solution 
of CuS04 and Bi2{S04)j? Write équations. Explain. 

19. What is the purpose of KCN in the détection of 
cadmium? Write équations involved. 

20. Explain by means of the solubilîty-product prin- 
ciple why CuS, which is only slightly soluble in hot 2N, 
HCl, dissolves readily in hot 2N. HNO3. 

21. What effect does température hâve on the complete- 
ness with which Group II sulphides may be precipîtated? 
Explain, 

22. What précautions are necessary to insure complète 
précipitation of arsenic in Group II? Explain. 

23. Given a solution whîch is known to contain no 
other metals than those given below, outline a method 
of analysis that will necessitate no unnecessary steps: 

(a) Lead, mercury, cadmium. 
(i) Copper, arsenic, cadmium, 
(c) Bismuth, cadmium, antimony, tin. - 

24. What is the purpose of HaCaO^ in the détection 
of antimony? 

25. Show by a séries of équations the changes through 
which arsenic goes when H2S is passed through a dilute 
HCl solution of HaAsO*. 

26. Explain by means of the solubility-product prin- 
dple why PbSO^ may be dissolved in NH4C2H302 solution. 

27. Should PbCr04 dissolve in NH4C2H30a solution? 
Explain. Why does PbCrOé precipitate from the same 
solution that dissolves PbSOj? 

28. How is Na2Sn02 prepared? Write équations 
showing ail the changes that take place. 

29. Explain by means of the law of mass action why 
the addition of HCl to a solution of (Nai)2SnS3 pré- 
cipitâtes SnSa. 
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30. In the séparation of As2Ss from SbaSs and SnS2 
with 12N. HCl why does more AsaSs dissolve ïf the solu- 
tion is allowed to boîl? 

31. Why use just 10 ce. of 12N. HCl in the treatment 
of the sulphides of the tin division? 

32. What is the principle on which the séparation 
of antimony and tin, by précipitation with HaS, is 
based? Explain by means of the solubility-product 
principle, 

33. What is the confirmatory test for tïii? What is 
the precîpitate formed? Write ail équations involved. 

34. If phosphate is présent, what éléments may be 
precipitated on the addition of the third group reagent? 

35. Why is it possible to separate the Al division from 
the Fe division with NaOH and Na202? 

36. What éléments are affected by the Na202? Write 
équations. 

37. Why is NaaCOa added in the séparation of the 
AI and Fe divisions? 

38. Why is HNO3 added before NHiOH in the sépa- 
ration of aluminium? 

39. What is the purpose of H2O2 in dissolving the Fe 
division? 

40. If it is necessary to use HNO3 to dissolve Group 
III what conclusion can be drawn? 

41. Since nickel and cobalt sulphides are not precipi- 
tated in acid solution why is it necessary to use aqua regia 
to dissolve them? 

42. Given a solution which is known to contain no 
other metals than those given below, outlhie a method 
of anlysis that will necessitate no unnecessary steps; 

(a) Aluminium, chromium, iron. 1 

(b) Chromium, manganèse, cobalt, nickel. ^M 

(c) Zinc, manganèse, iron, nickel. ^^ 

43. Why is it necessary to test for zinc in the Fe 
division ? 

44. If phosphate is présent in an unknown, in what 
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solutions îs ît necessary to test for the metals of Group IV? 
Why? 

45. What îs the purpose of the foUowîng reagents in 
the analysis of Group IV; CaSOé, K2Cr207, (NH4^)2S04, 

(NH4)2C204 + ? 

46. Could K2Cr04 be used înstead of K2Cr207 in the 
précipitation of barium and lead? What is the relation 
between K2Cr04 and K2Cr207? 

47. Why is it necessary to add (NH4)2S04 and 
(NH4)2C204 to the filtrate from Group IV before testing 
for Group V? 

48. Why does Mg(0H)2 not precipitate in Group III 
or Group IV? Explain by means of the solubility-product 
prînciple. 

49. Why not evaporate to dryness and drive ofï ail 
ammonium salts before testing for magnésium? 

50. Why is it necessary to test the original material 
for NH4+? 

51. Why remove ammonium salts before testing for 
potassium and sodium? 

52. What îs the purpose of HBF4 in the analysis of 
Group V? 

53. What salts are most suitable for use in flame tests? 
Why? 

54. If an unknown is soluble in water, and phosphate 
îs found, what metals will it be unnecessary to test for? 




In most cases the acîd ions (anions) exist in solution 
as compound radicals composed of two or more éléments 
held together and acting as a single substance. In this 
respect they differ from the métal ions (cations) which 
usually exist in solution as simple radicals. The most 
important anions consisting of a single élément are the 
halides (Cl-, Br-, I-, F") and sulphide (S~). Because 
of this différence, more care must be exercised not only 
in the préparation of the solution for the détection of acids 
but also in the treatment during analysis in order to pre- 
vent décomposition, oxidation or réduction. 

The anions for whose séparation and détection pro- 
vision is inade in this scheme of analysis are: 

Group I.— Anions whose silyer salts are insoluble in 
cold dilute HNO3. 



Ferrocyanide, 
Ferricyanide, 
Thiocyanate, 
Cyanide, 

Group n.- 



Fe(CN}«- 
Fe(CN)a- 
CNS- 
CN- 



Sulphide, 
lodide, 
Bromide, 
Chloride, 



S — 

I- 

Br- 

ci- 



— Anions whose salts décompose on boiling 
in acid solution and give characteristic volatile oxides. 
Carbonate, COg^- Thiosulphate, S2O3-- 

Sulphite, SO3 ~ - Nitrite, NOa" 

Group ni. — Anions whose silver salts are soluble ïn 
acid but insoluble in warm neutral solution. 

Arsenite, AsOa Arscnatc, AsO^ 

Oxalate, C2O4— Phosphate, PO^ — 

Chromate, CrO^-- Tartrate, C^HiOe" 
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Group rV. — ^Allions whose silver salts are soluble. 
I Sulphate, Sp4-- Acétate, C2H302- 

Borate. BO3 Nitrate, NO3- 

Fluoride, F - 

Provision was made for the détection of silicate (SÎOa^-) 
in the course of the analysis for métal ions. (See (5) ). 



THE SYSTEMATIC ANALYSIS 

Anions 

Since any interferîng cations will be removed durîng 
the course of the analysis, the solution as prepared for 
the métal analysis may be used for the analysis of anions 
if the substance has been dissolved in water or cold dilute 
HNO3. If the substance is a liquid or solution treat 
dïrectiy by (iio); if a solid treat by (100). 

Préparation of Solution 

(100) Treatment of a Solid. — To about 0.5 gram of 
the finely powdercd substance add 10 ce. of cold water 
and mix thoroughly. Fîlter and wash the residue with 
5 ce. of cold water, catching the wash water in the vessel 
containing the filtrate. Acidify the filtrate with HNOa, 
notîng if a gas is evolved (see Discussion 60), and treat 
by (iio), Treat the residue by (loi). 

(loi) Treatment with Dilute HNOa.^Pour repeatedly 

I through the filter containing the residue undissolved by 

cold water, a 5-cc. portion of cold 2N. HNO3, noting 

I if a gas ïs evolved, (See Discussion 59.) If a residue 

[ remEÛns,. punch a hole through the filter and wash ît into 

■ a test-tube wîth 5 ce. of 6N. HNO3. Warm the mixture 

as long as any of the solid seems to dissolve. Dilute 

with 5 ce. of water, cool and filter. Treat the combîned 

filtrâtes by (iio). Treat the residue by (102). 
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(102) Treatment with NaaCOa. — If there is a residue 
undïssolved by dilute HNO3, the anion constituents may 
be dîssolved by treatment with Na2C03 solution, as 
directed in (6) or by fusion with NaaCOa as directed in 
(7). In either case, however, 6X. HNO3 should be sub- 
stituted for HCI, and the solution boiled to drive off the 
CO2 before treatment with AgNOs by (lio). 

Discussion 

5g. A careful study of the solubility (see table, Appen- 
dix, III) and acidity of the material to be analyzed, in 
connection with the mctal ions found, will often permit 
the omission of certain steps in the system of analysis 
for anions. Thus, if the substance contains silver and is 
soluble in water or dilute acid, it is unnecessary to test for 
Group I. Barium or lead and sulphate cannot exist 
together in a neutral water-soluble material. Group II 
anions will not be présent in a strongly acid solution. 

A study of the nature and color ûf the group précipi- 
tâtes may also permit the omission of certain steps; e.g., 
Ag2S is black; Ag3Fe(CN)o, Ag2Cr04 and Ag3As04 are 
dark red; Agi, AgaPO* and AgaAsOa are yellow; AgBr 
is ycllowish-white, while the remainlng silver salts of 
Groups I and III are white. 

60. When a strong minerai acid is added to a carbonate, 
the carbonic acid formed (H2CO3) immediately décom- 
poses and, owing to its slight solubility, CO2, is evolved. 
Nitrites, sulphites and thiosulphates also tend to décom- 
pose in acid solution with the formation of NsOa, SO2, 
and SO24-S respectively. The solubility of N2O3 and 
SO2 is so great, however, that enough will always remain 
in solution for their détection according to the methods 
outlîned in Group II. 

If the évolution of a gas is noted during the treatments 
as directed in (100) or (loi), and carbonate is not found 
ïn the solution as preparcd, a small portion of the orginal 
unknown should be tested for carbonate as directed in (130). 
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TABLE XI 

OUTLINE FOR THE SySTEMATIC SEPARATION AND DETECTION OF GROUP I 

(Division A) 
Ions présent in dil. HNOa solution 



No. 


Reagent 


Fe(CN)(ê 


Fe(CN).= 


CNS- 


CN- 


I 

2 

3 


AgNOa 
NaCl— HCl 

(NH4)2M004 

Zn(NO,), 

HCl 

FPSO4 
FeCl, 
NaOH— 

FPSO4 
HCl 


Ag4Fe(CN)e 

Na4Fe(CN)4 
Na2(Mo02)8- 
(Fe(CN)6),. 
2Mo0s 


Ag,Fe(CN)e 

Na3Fe(CN)e 
Na,Fe(CN)e 

Zn3(Fe(CN)«)2 

H3Fe(CN)e 

Fe3(Fe(CN).)2 


AgCNS 

NaCNS 

NaCNS 


AgCN 

NaCN 
NaCN 


4 


> 


f 


Zn( 

Fe( 


CNS)2 
CNS), 


Zn(CN), 


5 
6 

7 






> 


' 


Fe(CN)2 

Na4Fe(CN)« 
Fe4(Fe(CN),), 



Analysis 



Group I 



Fe(CN)6=, Fe(CN)6= CNS-, CN-, S= I-, Br-, Cl- 

(iio) Précipitation. — ^To about 25 ce. of the cold solu- 
tion acidified wîth HNO3 (see Discussion 60) add, slowly 
and with constant stirring, AgNOa solution in excess. 
Filter, divide the precipîtate into two portions, treat one 
by (m) and the other by (120). Reserve the filtrate for 
analysis of Group II (130). 

Division A 



(m) Solution of the Cyanogen Compounds. — ^Suspend 
one portion of the precipitate (iio) in 5 ce. of water, add 
5 ce. of the NaCl reagent and mîx thoroughly. Filter, 
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reject the residue of sïlver halides (see Discussion 5i) 
and treat the filtrate by (112). (See Discussion 59.) 

(112) Détection of Ferrocyanide.— ^To the filtrate (ni) 
add ammonium molybdate ( (NH4)3Mo04) reagent in 
excess. A red flocculent precipitate shows the présence 
cf ferrocyanide. {See Discussion 62.) Filter and treat 
the filtrate by (113). 

(113) Précipitation of Ferricyanide. — To the filtrate 
(112) add a slight excess of 7.n(NO)3 solution. AUow 
the mixture to stand a few minutes. A white precipitate 
indicates ferricyanide. If the precipitate is colloidal or 
finely divided shake the mixture wtth a pinch of asbestos 
fiber to coagulate the precipitate and filter. Treat the 
precipitate by (114} and the filtrate by {115). 

(114) Confirmatory Test for Femcyanide.^Dissolve 
the precipitate (113) by pouring a 3-5 ce. portion of 
6N. HCl repeatedly through the filter. Dilute the solu- 
tion with an equal volume of water and add about i ce. 
of FeS04 solution. A deep blue precipitate shows the 
présence of ferricyanide. 

(115) Détection of Thiocyanate and Cyanide. — To 
the filtrate (113) add about i ce. of FeClg solution. A 
red coloration shows the présence of thiocyanate. 

Make the solution just alkaline with NaOH and add 
a few drops of FeS04 solution. Heat the mixture to boîl- 
ing and bol-gently for one to two minutes. Acidify with 
HCl to dissolve the hydroxides of iron. A blue residue 
insoluble in HCl shows the présence of cyanide. (See 
Discussion 63.) ^^ 

Discussion ^^B 



61. The solution of the cyanogen compounds by means 
of NaCl is based on the relative solubility of their silver 
salts. The lower solubility product of AgCl causes a 
displacement of the equilîbrîum toward the formation 
of more AgCl and a conséquent decrease of Ag+, with t he 
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resuit that the ion product of the cyanogen compounds 
of silver is reduced below their sol ubility- product value 
and they pass into aolution as sodium salts. In the prés- 
ence of a small amount of HCl the reaction is rapid and 
complète. The sulphide and other halides are unaffected, 
owing to the fact that their solubilities are less than that 
of AgCl, {See Introduction 12,) 

62. The précipitation of ferrocyanide with (NH4)2Mo04 
reagent is complète only when a considérable excess of 
(NH<)2Mo04 is présent. Unless the ferrocyanide is com- 
pletely removed it will be precipitated with ferricyanide 
and interfère with the test for that acid. The heavy red 
precipitate of ferrocyanide is a complexsaltof molybdenum 
with K4Fe(CN)(i, of the probable formula 

KaCMoO. ■ Fe(CN)e)3 ■ 2M0O3 ■ 20H2O, 

and is somewhat soluble in excess of K4Fe{CN)o. {Note. — 
The student will learn to distinguish between ferrocyanide 
and ferricyanide by noting that a ferrocyanide contains 
a complex ion consisting of CN~ and ferrous iron whîle 
a ferricyanide contains a complex ion consisting of CN- 
and ferrie iron.) 

63. When a simple cyanide is boiled with NaOH and 
FeS04, Na4Fe(CN)6 is formcd. This reacts in acid solu- 
tion with FeCls to form Fe4(Fc(CX)e)3 (Prussian blue). 
Very small quantities of this are not readily detected in 
the présence of much thiocyanate, but if the solution is 
filtered a blue precipitate may easily be detected on the 
filter paper. 
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TABLE XII 

OUTLINE tOR THE SySTEMATIC SEPARATION AND DETECTION OF GrOUP I 

(Division B) 
Ions présent in dil. HNOs solution 



No. 


Reagent 


s- 


I- 


Br- 


Cl - 


I 


AgNO, 


Ag2S 


Agl 


AgBr 


AgCl 


2 


HNO. 


AgîSO* 


Agi 


AgBr 


AgCl 




HCl 


H2SO4 


l 


i 


i 




BaCl2 


BaS04 








3 


Zn— H,S04 


' ' 


HI 


HBr 


HCl 


4 


KaCr^ÛT (cold) 




I> 


HBr 


HCl 


5 


KaCraOr (hot) 




i 


Br, 


HCl 




Kl 






KBrd,) 


i 


6 


KMn04 
Kl 






i 


Cl, 
KC1(I,) 



Analysis 



Division B 



(120) Détection of Sulphide. — ^To the second portîon 
(iio) add 5 ce. of 6N. HNO3 and heat to boiling to oxidîze 
the sulphide to sulphate. Cool and filter. Treat the 
resîdue by (121). Evaporate the filtrate nearly to dry- 
ness, add 1-2 ce. of 6N. HCl, filter and add BaCb to the 
clear filtrate. A white precipîtate of BaS04 shows the 
présence of sulphîde. (See Discussion 64.) 

(121) Solution of the Halides. — If any of the cyanogen 
compounds hâve been found they should be destroyed 
(see Discussion 65) by placîng the residue (120) in a por- 
celain dish and igniting to dull redness. After the dish 
and contents hâve cooled, add a small pièce of granulated 
zinc and 5 ce. of 6N. H2SO4. By means of a glass rod 
loosen any particles adhering to the dish in order to 
give them free access to the reducing agent. When the 
réaction is complète and only a blaek spongy residue 
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r 

^B remains, filter, reject the residue of metalHc silver and 
H treat the filtrate by (122}. 

H (122) Détection of lodide. — To the cold filtrate (121) 

H add 5 ce. of 6X. H2SO4 and 10 ce. of water. Transfer 

^1 the solution to a test-tube and add about i ce. of carbon 

^K tetrachloride (CCI4) and a few drops of K2Cr207 solution. 

^r Shake the mixture thoroughly. The présence of iodide 

îs shown by a violet color in the CCU layer. If iodide 

îs found filter and repeat the treatmcnt wîth CCI4 and 

K2Cr207 untîl the CC\i layer shows no further coloration. 

Treat the filtrate by (123). 

(123) Détection of Bromide.— Transfer the filtrate 
(122) to a small flask fitted with a delivery tube as shown 
in Fig. 4. Place i ce. of Kl 
solution and about 10 ce, of water 
in the receiver and connect to the 
delivery tube as shown. Heat 
the contents of the réaction flask 
to boiling and boil for about one 
minute. Remove the receiver, 
add I ce. of CCI4 and shake 
the contents vigorously. A pur- 
pie coloration in the CCU layer 

^ shows the présence of bromide. 
If bromide is found the boiling 
should be continued until no 
further test is obtaincd with Kl 
solution and CCI4. Care should 
be taken to keep the concentra- 
tion of the acid in the réaction 
flask near its original value by 
replacing with water the loss due to evaporation. (See 
Discussion 66.) If the yellow color should disappear 
from the solution In the réaction flask a few more drops 
of K2Cr207 solution should be added. 

(124) Détection of Chloride. — To the contents of the 
reaction flask from which ail bromide has been removed 
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(123), add a few drops of KMiiO* solution and repeat the 
boilîng, at the same time catching the evolved gas !n Kl 
solution as outlined in (123) and testîng it with CCU as 
before. A purple color in the CCU layer shows the prés- 
ence of chloride. ^^m 

Discussion ^m 

64. By the action of boiling HNO3, according to the 
équation 

3H2S + 8HN03-^ 3H2S04+8NO+4H20, 

sylphides are oxidized to sulphates, which may be detected 
by the white precipitate of BaSO* produced by BaCl2. 
Excess HNO3 should be removed from the solution, how- 
ever, in order to prevent the possible précipitation of 
Ba(N03)2, a white crystallinc precipitate, on the sub- 
séquent addition of BaCb. HCI is added to remove any 
silver ion that may be in the solution. 

The présence of sulphide may be due not only to its 
présence in the original material but also to the décompo- 
sition of thiosulphatc. Whcn AgNOa is added to an 
acid solution contai ning a thiosulphate, décomposition 
of the thiosulphate takes place with the formation 
of insoluble Ag2S. When much thiosulphate is présent 
the décomposition is readily detected by more or less rapid 
change of color in the precipitate from white through 
varying shades of gray to black. 

65. The réduction of the silver halides to metallic 
silver and the halogen acid by means of zinc and H2SO4 
is complète only in the absence of the cyanogen compounds. 
If any of thèse compounds are found, therefore, they must 
be removed before the treatment with zinc and H2SO4. 
They are readily destroyed by a duU red heat. A higher 
température might volatilize some silver halide. 

66. The séparation and détection of the halides is 
based on their relative résistance to oxîdation by K2Cr207 
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în acîd solution. In a cold 1.5N. H2SO4 solution K2Cr207 
readîly oxidizes HI. HBr is unattacked by the dichromate 
in acîd concentrations as high as 3N. if the solution is kept 
cold, but is oxidized when the solution is boiled. Under 
thèse conditions HCl remains unchanged but is readily 
oxidized by the more powerful oxidizing action of KMn04. 
It is also slowly oxidized by K2Cr207 if the acid con- 
centration is allowed to become much greater than 3 N. 
Hence the necessity of adding water, to keep the solution 
near its original volume when testing for bromide, is 
évident. 
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TABLE XIII 

OUTLINE FOR THE SYSTEM ATIC SEPARATION AND DETECTION OF GrOUP II 

Ions présent in dil. HNO3 solution 



No. 


Reagent 


CO3- 


SO3- 


S2O3- 


NO2- 


I 


Ca(0H)2 
HNO» 
HgNO. 
FPSO4 


CaCO^ 


CaS03 
H2SO3 
H2S04(Hg) 

i 


CaSOa 
H2SO3 
H2S04(Hg) 

i 


Ca(N02)2 


2 

3 
4 


> 


J 


HNO2 
HNO2 
FeS04N0 



Analysis 



Group n 

CO3", SO3-, S2O3-, NO2- 

(130) Séparation of Group, and Détection of Carbon- 
ate. — ^Transfer the filtrate (iio) to a small flask connected 
with a delivery tube and receiver as shown in Fîg. 4. 
About 10 ce. of lime-water (Ca(0H)2) should be placed în 
the receiver so that the deHvery tube reaches below the 
surface of the liquid. Heat the solution in the flask to 
boiling and boil for about one minute. If a milky white 
precipitate forms in the. receiver (see Discussion 67) car- 
bonate is shown to be présent. Filter and treat the fil- 
trate by (131). Reserve the solution in the flask for 
analysis of Group III (140). 

(131) Détection of Sulphite. — ^Acidify the filtrate (130) 
with HNO3 and add a few drops of mercurous nitrate 
(HgNOs). A gray precipitate shows the présence of sul- 
phite. (See Discussion 68.) Filter and treat the filtrate 
by (132). 

(132) Détection of Nitrite — ^To the filtrate (131) add 
about I ce. of FeS04 solution. /The appearance of a brown 
coloration shows the présence of nitrite. (See Discus- 
sion 69.) 



DISCUSSION {6»-69) 



Discussion 

67. When CO2 is paased through lime-water, insoluble 
CaCOa is first formed. Excess of CO2, however, reacts 
with the normal carbonate to form soluble Ca(HC03). 
In the détection of carbonate the formation of a whîte 
precipîtate of CaCOa, which may or may not redissolve, 
is évidence of the présence of carbonate. 

68. Mercurous nitrate (HgNOa) is very readily reduced 
to Hg by the action of free HsSOn, but is unaffected by 
HNOa- The reaction proceeds as foUows: 

2HgN03+H2S03+H20^2Hg+H2SOi+2HN03 

It bas been mentioned (see Discussion 64) that AgaSaOs 
décomposes even in acid solution with the formation of 
Ag2S. The reaction is as follows: 

AgaSaOa +H20^ AgaS + H2SO4 

The décomposition, however, is comparatively slow, and 
some undecomposed H 28203 may be left in the filtrate 
from Group I. Boiling the solution to expel Group II 
décomposes this with the formation of SO2 and free sul- 
phur. The détection of both sulphide and sulphite, there- 
fore, may hâve been due to the présence of thiosulphate 
in the original material. In this case a portion of the origi- 
nal solution should be tested for sulphide, thiosulphate 
and sulphite as follows; 

To the solution made slightly acid with HCaHaOa add 
ZnSOi solution. This will precipitate sulphide as white 
flocculent ZnS. Filter and treat the filtrate with Sr(N03)2 
solution and allow the mixture to stand for several hours. 
The formation of a white precipitate (SrS03) indicates 
the présence of sulphite. This may be confirmed by the 
property of its HCl solution to decolorize iodine solution. 
The thiosulphate if présent, remains in the filtrate from 
the SrSOa- It can be detected by acidifying with HCl 
and warming, when sulphur will be deposited. 
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69. The test for nîtrîte dépends on the formation of 
brown FeS04*N0, accordîng to the foUowîng équations: 

3HNO8 +3FeS04 +3HN02-> Fe2(S04)3 +Fe(N03)3 

+3NO+3H2O 
FeS04 +N0-> FeS04 • NO 

If much HgNOs was added in testing for sulphite, a white 
predpitate of Hg2S04 wili be formed on the addition of 
FeSOé. 
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OUTLINES OF ANALYSIS (TABLE XIV) 



I 



Group m 
AsOa^, C2O4-, AsOi^, P04^, Cr04-, C^H^O,- 

(140) Précipitation. — To the lukewarm solution left in 
the flask (130) add NaOH drop by drop from a pipette, 
until, on shaking, the dark AgaO precipitate just fails to 
redissolve. {See Discussion 70.) Filter, treat the pre- 
cipitate by (141) and reserve the filtrate for analysïs of 
Group IV (150). 

(141) Séparation of Arsenite. — Punch a hole through 
the filter (140) with a glass rod and wash the precipitate 
into a graduate cyUnder with a small quantity (15-20 ce.) 
of water. Add 2-;^ ce. of NaOH (approxiniately 6N.) " 
and fîll up to the 25 ce. mark with water. (See Discus- 
sion 71.) Transfer the contents of the eylinder to a beaker 
and mîx thoroughly. Filter and test the residue for arse- 
nite (142) and treat the filtrate by (143). 

(142) Détection of Arsenite. — Pour repeatedly through 
the filter (141) a 5-cc. portion of 6N. HCl to dissolve the 
arsenite. Saturate the solution with HaS. A yeliow pre- 
cipitate shows the présence of arsenite. If a dark pre- 
cipitate is obtained it may be tested for arsenite aeeording 
tothemethodoutlined for arsenic. (See (21) and foUowing.) 

(143) Séparation of Oxalate. — To the filtrate (141) 
add a slîght excess of HC2H3O2 and thcn about 5 ce. of 

.NaC2H302 and beat to boiling. To the hot solution add 
I an excess of CaCb solution. Mix thoroughly and allow 
the mixture to stand for two to three minutes. (See Dis- 
cussion 72.) The formation of a white crystalline pre- 
< apitate îndicates the présence of oxalate. Filter and con- 
firm the oxalate by treating the precipitate (CaCaO*) by 
(144). Treat the filtrate by (145). 

(144) Détection of Oxalate.^Dissolve the precipitate 
,(143) by pouring 5-6 ce. of 6N. H2SO4 repeatedly through 
[the filter. Warm the filtrate and add a drop of KMn04 
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solution. If oxalate îs présent the permanganate wil] 
be decolorized. 

Optional Method.^Instead of adding KMn04 transft 
the H2SO4 solution to a flask (Fig. 4) and boil ît, at 
same time collecting the evolved gas in Hme-water, If 
oxalate îs présent it will décompose with the formation 
of CO2, which in turn will react with the Ca(0H)2 to form 
insoluble CaCOa. (See (130) ). 

(145) Séparation of Arsenate and Phosphate. — ^To 
filtrate (143) add uranyl acétate [U02(C2H302)2] in sligl 
excess. Allow the mixture to stand about five minutes 
and filter. (See Discussion 73.) Treat the precipitate 
(146) and the filtrate by (147). 

(146) Détection of Arsenate. — Dissolve the precipttate' 
(145) by pouring repeatedly through the filter a 10- 
portion of 6N. FiCl; heat to boiling and saturate with 
H2S. The appearance of a white, finely divided precipi- 
tate, turning yellow, shows the présence of arsenate, (See 
Discussion 17.) Filter and treat the filtrate by (147}. 

{147) Détection of Phosphate. — If the présence of 
phosphate has not aircady been determined (72), evaporate 
to dryness the filtrate (146) from which ail arsenic ha» 
been removed, dissolve the residue in 5 ce. of r6N. HNOa, 
and heat to drive off the brown fumes. Pour the resultingi 
solution into about three times its volume of (NH4)2MoO( 
reagent. The formation of a yellow crystalline précipitai 
shows the présence of phosphate. (See Discussion 74.) 

(148) Détection of Chromate. — Heat the filtrate (141 
to boiling, and add to the hot solution 5 ce. of NH4C2H30a' 
and an excess of BaCla solution. The formation of a yellow 
crystalline precipitate shows the présence of chromate. 
Unless the precipitate is yellow and crystalline the con- 
firmatory test should be made. (See (63).) 

(149) Détection of Tartrate. — To the filtrate (148) add 
about 10 ce. of 6N. H2SO4 and filter off the precipitated, 
BaS04. Transfer the filtrate to a porcelain dish 
evaporate to 5-10 ce. The présence of tartrate is indicatt 
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by the ability of the resulting solution to det-alorize a 
drop of KMn04 solution. (Sce Discussion 75,) 

Discussion 

70, The présence of enough sîlver îons to p-ecipitate 
ail the acids of Group III îs shown by the .nnmentary 
formation of the dark AgaO precipitate during the addition 
of NaOH. The AgzO dissolves on shaking, as long as 
excess acid is présent and becomes permanent oïly when 
ail acid has been neutralized. Its failure to redissolve, 
therefore, indicates that the neutral point has bcen reached. 
If, owing to the précipitation of dark-colored crmpounds 
of metals other than silver, the end-point is difficult to 
detect, it may be ascertaîned by filtering a sn-;a!I portion 
and adding a drop of phénol phthalein and then a drop of 
methyl orange. The solution should remain toiorless on 
the addition of phenolphthalcîn and change ta yellow 
when methyl orange is added. If the solutioi should 
change to red on the addition of phenolphthalein too much 
NaOH has been added. If this has been done the solution 
should be acîdified with HNO3 and NaOH agaiji added. 

The précipitation should be made in lulcewarm solution, 
ânce AgB02 is somewhat insoluble in cold neutral solution. 

71. Owing to the formation of complex ions v/ith NaOH. 
and the slightly soluble Ag20, ail the silver salts except 
arsenite are dissolved ïn an excess of NaOH, AgaAsOa 
remains undissolved, even in concentrations as high as 1.5N. 
NaOH solution, while as much as 250 mgs. of the siJver salts 
of the other acids readily dissolve in 0.5N. NaOH s-ilution. 

72, Complète removal of the oxalate ïs essent'al, since 
its présence would later interfère with the détection of 
tartrate by its reducing action on uranium. Its complète 
removal is assured only by précipitation frora hct solution 
and subséquent digestion, 

73. Arsenate and phosphate form insoluble 'JO2HASO4 
and UO2HPO4 respectively, in HC2H3O2 solut'on. Both 
compounds when présent in small amounts tend to pre- 
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cipitate in colloïdal or finely dividcd form. This is pre- 
vented somewhat by précipitation from hot solution or 
allowing the precipîtate to stand. Should the precipitate 
tend to run through the filtcr ît may be collected and 
filtered by mixing with a small quantity of asbestos fiber, 

74. Both phosphate and arsenatereact with {NH4)2Mo04 
reagent to form insoluble compounds whïch are very 
siinilar in character and color. The complète removal 
of arsenate is therefore necessary before testing for phos- 
phate. Phosphate is most easily precipitated with 
(NH4)2Mo04 reagent in a strong HNO3 solution and at a 
température of about 60° C. 

75, Uranyl salts are reduced to the green uranous 
State on boilîng a strongly acid solution with tartrate or 
other reducing agents. On the other hand, in the absence 
of reducing agents uranyl salts remain unchanged in boil- 
îng conc. H2SO4. Since oxalate and tartrate are by far 
the niost commonly met of ail organic acids capable of 
reducing the uranyl compounds, the appearance of the 
green uranous sait on boiling the H3SO4 solution is indica- 
tive of the présence of tartrate, oxalate having been pre- 
viously removed. The absence of the green uranous sait, 
as shown by failure to reduce KMnOi solution, may be 
taken as conclusîve évidence of the absence of tartrate. 

If other organic matter may be présent and the uranous 
sait is obtaîned in (149), a portion of the original materïal 
may be testcd for tartrate as foliows; Make the some- 
what concentrated solution slîghtly alkaline with NHiOH, 
add CaCU solution in excess, and allow the mixture to 
stand a short tïme. If a precipitate forms filter and digest 
the precipitate with cold NaOH solution. Dilute slightly, 
filter, and boil the filtrate. If a precipitate forms, filter 
while hot, wash the precipitate and transfer it to a test- 
tube. Add a drop of NH4OH and a little AgNOg solution, 
and warm. The présence of tartrate is shown by the 
formation of a black precipitate or silver mirror on the 
walls of the tube. 




OUTLIiS'ES OF ANALYSIS (TABLÉ XV) 
TABLE XV 

R THE SySTEMATIC SEPARATION AND DETECTION OF GrOIÎP IV 

Ions présent ïn ne ut rai sol ut [on 



No. 


R^^t 


so.- 


BOi= 


CsHiO,- 


NO,- 


^ 


HCI 
BaCU 
HCI 
turmeric 

H,SO. 

CHeOH 

FeSO. 
HjS04 


H,SO. 
BaSOj 


HjBO, 

Ba,(BO,), 

(?) 
Brownish- 
reil color 


HCsH,0, 
Ba(CJi,0,), 

Ba(C,H,0,), 
CH.CHjOj 

1 


HNO. 


3 








4 




5 






FeSOi 


NO 



Group IV 
S04% B03=, C2H3O2-, NO; 




. F- 



(150) Détection of Sulphate. — Evaporate the filtrate 
■140) to 15-20 ce. Add slowly, and with fréquent stirring 
(Ust enough 6N. HCI to precipitate ail the silvcr; filter 
nd reject the precipitate. To the clear filtrate add BaCb 
»Iution in excess. The formation of a white crystalline 
precipitate shows the présence of sulphate. (See Dis- 
cussion 76.) Treat the filtrate by (151). 

{151) Détection of Borate. — To just 5 ce. of the filtrate 
{150) add 5 ce. of 12N. HCI and 2 drops of turmeric solu- 
tion, Allow the mixture to stand ten minutes. If borate 
îs présent the solution will assume a brownish-red color. 
H^See Discussion 77.) 

p. (152) Détection of Acétate. — ^Test a portion of the 

"original substance for acétate as follows: If the substance 

îs a solid add to a small quantity on a watch glass a few 

.drops of conc. H2SO4. Mix with a glass rod and note 
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the odoT. If acétate is présent in considérable quantity 
the odor oi acetic acid will be apparent. If the substance 
is a liquid a portion of the slightly alkaline solution should 
be evaporated to dryness and tested with conc. H2SO4 
as directsd above. (See Discussion 78-) 

If smail quantities are suspected the following test 
should be oiade: To a smail portion of the solid, obtained 
by evap-îration if necessary, add about 0.5 ce. of alcohol 
and I ce of conc. HaS04. Heat gently and note the odor. 
The ethylûcetate (CïH5C2H302) formed gives a character- 
îstic pleasant odor. 

(153} Détection of Nitrate, — Test a portion of the 
original substance for nitrate as follows; Acidify the 
solution ^ontained in a test-tube with 6N. H2SO4, and add 
an equa' volume of FeS04 solution. Pour about 2 ce. 
of conc. H2S0i slowly down the sides of the tube so that 
it forms a layer at the bottom of the solution. If nitrate 
îs prescrit a brown ring wîU form in a short time at the 
juncture o! the two liquids. (See Discussion 79,) 

(154) Détection of Fluoride. — In the absence of silîca 
or silicates the etching test may bc made as follows: Mix, 
with the aîd of a pièce of wood, about i grani of the 
powderec material in a lead dish or platinum crucibie with 
enough couc. H2S04 to form a thick paste. Cover the 
dish or crucibie with a watch giass that has been coated 
on the convex side with a thin layer of paraffin through 
which characters hâve been scratched. Put a little water 
in the watch glass to prevent melting the paraffin, and 
warm th( dish or crucibie gently, preferably over a water 
bath, for bome time. Remove the watch glass, melt ofE 
the pararfin and note whether the parts exposed to the 
action ol the fumes hâve been attacked. If fluoride is 
présent the glass wilI be dissolved off or etched in the 
places that were exposed to the fumes. (See Discus- 
sion 80.) 

In the présence of silica or silicates it is évident that the 
etching tesl cannot be used. If the material can be decom- 
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posed by conc. H2S0i a portion of the powderer'. material 
raay be mixed with conc. H2SO4 in a test-tube and warmed 
gently while a drop of water is held on the end of a glass 
rod in the vapors. If fluoride is présent the drop of water 
will become turbid. (See Discussion 80.) 

If the material cannot be decomposed with conc. HzSO* 
it may be fused with 7-8 times its weight of a nixture of 
equal parts of sodium and potassium carbonaie, the meit 
extracted with water, filtered, the filtrate acld fied with 
HC2H302 and the fluoride precipitated by the addition 
of CaCla solution. The above test for fluoride may then 
be made on the dried precipitate. 
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[76. It will be recallcd (sec Discussion 68) '.h it one of 
the products obtained by the décomposition of Ag2S203 
is H2SO4; hence if thiosulphate bas been founij, a portion 
of the original solution made acid with HCI should be used 
for the sulphate test, instead of solution (150). 
77. In order to makc sure of the présence of borate 
when the color is slight, a blank test should te made for 
comparison. In order to be able to estimate tha relative 
araount présent the student should make comparison tests 
with known amounts of borate. In either case he should 
take care to make ail tests a'ike, using the sam^ quantities 
I of HCI, alcohol and turmeric, since the shade of color 
1 dépends to a considérable extent upon the concentrations 
Pof thèse substances. 

78. Although acétate, if présent in the orjg'nal solu- 
Ition, would appear in the filtrate from the BaSO^ (150) its 
f détection in that solution would necessitate considérable 
I evaporation whîch will ordinarily be avoided if the original 
I substance is taken. 

79. The test for nitrate is very délicate and accurate 
k except in the présence of certain substances wh/ch cover 
L,yp the ring or form a somewhat similar one. Chromâtes 
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are reduced by FeSOé in acîd solution giving a green color 
while ferro- and ferrïcyanides give a blue precipîtate which 
makes the détection of the brown ring more difficult, 
lodides and bromides are oxidized by the conc, H2SO4 and 
produœ a ring somewhat similar to the brown of the 
nitrate. Chromâtes may be removed by réduction to 
chromic salts with SO2 and précipitation with NH4OH; 
the others may be removed by précipitation from slightly 
acîd solution with AgaSO^ solution. 

80. Most fluorides are decomposed by conc. HaSOj 
accordïng to the following équation: 

CaFa +H2SO4-. CaSO* +HaF2 

The reaction proceeds more rapidly if the mixture îs heated, 
owing to the more rapid removal of the volatile H2F2. 
The H2F2 may be recognized by its ability to etch glass 
or dissolve silica or silicates. In either case volatile silicon 
tetrafluoride (SiF4) is formed. When this is brought into 
contact with water the following reaction takes place: 

SiF4 +4H20^ 2H2SiF6 +H4Si04 



When silicates undecomposed by conc. H2SO4 are fused 
with a mixture of sodium and potassium carbonates, the 
silicon reacts to form soluble Na2Si03 and any fluoride 
présent forms soluble NazFa. 
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QUESTIONS FOR REVIEW 

, What ions are precipîtated by AgNOg in acid solution? 
, Why should the solution be kept cold in precipitatïng 
I Group I? 

3. If a ferricyanide is présent what other acids of 
Group I are not likely to be présent? Why? 

4. Although it is possible to hâve ail metals in the same 
solution, this is not possible în the case of acids. Why? 

5. Why will NaCl solution dissolve ail the cyanogen 
compounds of silver but hâve no effect of the correspond- 
ing halides? 

6. What îs the effect of boiling AgaS with HNO3? 
Write équation. 

7. What is the principle on which the détection of 
chlorïde, bromidc and iodide is based? 

8. Why is it necessary to remove ail iodide before 
testing for bromide? Why remove ail bromide before 
testing for chloride? 

9. Given a solution which is known to contain no other 
anions than those given below, outline a method of analysis 
that will necessitate no unnecessary steps ; 

(a) Ferrocyanide, thiocyanate, cyanide. 

(b) Sulphide, îodide, chloride. 

(c) Iodide, bromide, chloride. 
<. In driving off the last traces of bromide before 

[ testing for chloride, why must the water be replaced as it 
r évaporâtes? 

Why is it uniikely that Group II acids will be 
I found in a strongly acid solution? 

12. What is the precipitate formed in the test for sul- 
lldiite? Write équation. 

13. Write équations showing the action of HN02 on 
fFeSO*. 

14. If, while the Group II anions are being dîstilled off 
' a white precipitate should form in the recciver but should 
[ ledissolve before the distillation is completed what conclu- 
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sions couid De drawn? Write équations showing the changes. 

15. Why should Group III acids be precipitated from 
a warm soli,tion? 

16. \^'hat précautions are necessary in the précipitation 
of Group III? 

17. M'hdt îs the effect of adding an excess of NaOH to 
the silver salts of Group III? 

1 8. W hv should a large excess of NaOH be avoided in the 
séparation of arsenite from the remainîng Group III acids? 

19. If arsenate is found why must it be completely 
removed before testing for phosphate? 

20. \^"hat is the confîrmatory test for oxalate? Write 
équation' showing ail reactions involved. 

21. Wht.t is the black precipitate formed on the addition 
of NaOH during the précipitation of Group III? 

22. \^ hy must an excess of AgNOa be présent before 
precipitating Group III? 

23. \\ hft mcthod may be used for collecting and filter- 
îng a coll lidal or finely dividcd precipitate? 

24. G von a solution which is known to contain no other 
anions thar, those given below outline a method of analysis 
that will necessitate no unnecessary steps; h 

(a) Witrite, arsenite, arsenate. H 

(i) Oxalate, chromate, tartrate. 
(c) ï^ulphite, oxalate, chromate. 

25. Wh?.t effect would the présence of shreds of filter 
paper in the HzS04 solution hâve on the test for tartrate? 

26. W'hi- must ail oxalate be removed before testing 
for tartrate? 

27. G)uid Ba(N03)2 be used in the place of HCI and 
BaCb in the test for sulphate? 

28. M hat acids interfère with the test for nitrate? 
How ma> they be removed? 

29. Desjribe thetest for fîuoride. 

30. If 2'nc and barium were found in an unknown 
soluble in c^ilute HNO3, what acids. would it be unneces- 
sary to ti-st for? 




APPENDIX 
I. Préparation of Reagents 



Acetic, 6N.; Mix 350 ce. of glacial acid with 650 ce. of 
water, 

Fluoboric; dissolve H3BO3 in 48 per cent H2F2, using 
a lead or platinum dish, until a test portion will net 
gïve a precipitate with Pb(N03)2 solution. After 
cooling add an equal volume of alcohol and just 
enough fluosilicic acid to precipitate any sodium 
which may be présent as an impurity. 

Fluosilicic; pour 48 per cent H2F2 upon sand in a lead 
dîsh or wax bottle until the sand is barely covered. 
Allow the mixture to stand for a few hours or until 
the free H2F3 bas entirely disappearcd. Pour off 
the liquîd and add an equal volume of alcohol. 

Hydrochloric, 12N.; use the CF. aeîd of commerce 
(Sp.gr. 1.19). 

Hydroehloric, 6N.; mîx equal volumes of 12N. HCl 
and water, 

Hydrofluoric, 48 per cent; use the C.P. acid of com- 
merce. 

Nîtric, 16N.; use the C.P. acid of commerce (Sp.gr. 

1.42). 

Nitric, 6N.: mix 380 ce. of 16N. HNO3 wïth 620 ce. 

of water. 
Perchloric, 6N.; mix 650 ce. of the 60 per cent C.P. 

acid with 350 ce. of water. 
Suiphuric, 96 per cent; use the C.P. acid of commerce 

(Sp.gr. 1.84). 
Suiphuric, 6N. ; mix i volume of the 96 per cent H2SO4 

with 5 volumes of water, 
113 
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Ammonium hydroxide, 15N.; use 1 

of commerce fSp.gr. 0.90). 
Ammonium hydroxide, 6N, ; mix 40 

NH4OH with 600 ce. of water. 
Calcium hydroxide, saturated solution; shake 5-10 

grams of C.P. CaO with 1000 ce. of water until 

saturated, and lîlter. 
Sodium hydroxide, 6N. ; dissolve 250 grams of pure 

NaOH in enough water to make a total volume of 

1000 ce. I 

Salts: 

Ammonium acétate, 3N.; mix equal volumes of 6N. 
HC2H3O2 and 6N.NH4OH, or dissolve 250 grams 
of C.P. NH4C2H302 in enough water to make a 
total volume of 1000 ce. 

Ammonium carbonate, 9N.; dissolve 25a grams of 
freshly powdered (NH4)aC03 in enough cold 6N. 
NHiOH to make 1000 ce. 

Ammonium chloride, iN.; dissolve 54 grams of NH4CI' 
in enough water to make a total volume of 1000 ce. 

Ammonium molybdate; dissolve 75 grams of C.P. 
(NH4)2Mo04 in 500 ce. of water and pour the solu- 
tion slowly into 500 ce. of 6N. HNO3. If a pre- 
cipitate should form, shake the mixture occasionally 
until solution is complète. 

Ammonium oxalate, 0.5N. ; dissolve 35 grams of 
(NH4)2C204-H20 in enough water to make a total 
volume of 1000 ce. 

Ammonium polysulphide; saturate 500 ce. of 6! 
NH4OH with H2S gas, and add to this solutiooû 
500 ce. more 6N. NH^OH, 50 ce. of 6N. NaOH and 
25 grams of flowers of sulphur. Digest for sorae 
hours and filter. 

Ammonium sulphate, iN. ; dissolve 66 
(NH4)2S04 in icoo ce. of water. 
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Ammonium sulphidc; saturate 500 ce. of 6N. NH4OH 
with H2S gas and then add 500 ce. more 6N. 
NH4OH. 
Barium chloride, iN.; dissolve i20gramsof BaCl2-2H20 

in 1000 ce. of water. 
Bromine water; use saturated solution. 
Calcium chloride, iN,; dissolve 150 grams of CaCla- 

6H2O in 1000 ce. of water. 
Calcium sulphate; use saturated solution. 
Cobalt nitrate, o.oiN.; dissolve 1.5 grams of Co(N03)2' 

6H2O in 1000 ce. of water. 
Dimethylglyoxime, o.iN.; dissolve 12 grams of the 

solid in 1000 ec. of 95 per cent alcohol. 
Ferrie chloride, iN.; dissolve 90 grams of FeCla- 

6H3O in 1000 ec. of water. 
Ferrous sulphate, iN.; dissolve 14a grams of FeS04' 
7H2O in 1000 ee. of 0.6N. HaSOi and keep in con- 
tact with iron nails. 
Hydrogen peroxide; 3 per cent solution. 
Lead acétate, 0.2N. ; dissolve 38 grams of Pb{C2H30a)2 ■ 

3HaO in 1000 ce. of water. 
Mercurie chloride, o.lN.; dissolve 27 grams of HgCU 

in 1000 ce. of water. 
Mereurous nitrate, o.iN. ; dissolve 29 grams of HgNOs- 

2H2O in 1000 ce. of water. 
Magnesia mixture, iN.; dissolve 100 grams of MgCb- 
6H2O and 100 grams of NH^Cl in water, add 50 ce. 
of 15N. XH4OH and dilute to looo ce. 
^L Potassium cyanide, iN.; dissolve 65 grams of KCN 

^Ê in 1000 ce. of water. 

^Ê Potassium diehromate, iN. ; dissolve 147 grams of 
^1 KaCraO? in lOOO ce. of water. 

^Ê Potassium ferrocyanide, iN.; dissolve 10g grams of 

H K4Fe{CN)i] 31^20 in looo ce. of water. 

^1 Potassium iodide, o.iN.; dissolve 17 grams of Kl in 
^ft 1000 ce. of water. 
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dissolve 250 grams of KNO3 
dissolve 16 grams of 



Potassium nitrite, 3N,; 
în 1000 ce. of water. 

Potassium permanganate, o.iN. 
KMnO^ in 1000 ce. of water. 

Potassium thiocyanate, i N. ; dissolve 97 grams of 
KCNS in 1000 ce. of water. 

Silver nitrate, 0.5N.; dissolve 85 grams of AgNOa in 
1000 ce. of water. 

Sodium carbonate, 3N.; dissolve 159 grams of NazCOa 
in 1000 ce. of water. 

Sodium chloride, iN.; dissolve 58 grams of NaCl îu 
1000 ec. of water and add 5 ce. of 12N. HCÎ. 

Sodium phosphate, iN. ; dissolve 120 grams of 
Na2HP04i2H20 in 1000 ce. of water. 

Sodium stannite; add NaOH, drop by drop, to a solu- 
tion of SnCIa until the precipitate of Sn(0H)2 is 
just dissolved. The solution must be kept cold 
to prevent décomposition and oxidation to NaaSnOa, 
Sodium stannite is unstabic and must be prepared 
as needed. 

Stannous chloride, iN.; dissolve 113 grams of SnCl; 
2H2O in 170 ce. of 12N. HCI and dilute to 1000 ce. 
Keep in bottles containing granulated tin. 

Turmerie; shake an excess of turmeric powder with 
95 per cent alcohol and filter. 

Uranium acétate, o.iN.; dissolve 20 grams of 

U02{C2H302)2-2H20 

în 1000 ce. of water. 
Zinc nitrate. iN. ; dissolve 148 grams of Zn(N03)2' 
6H2O in 1000 ce. of water. 
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n. Test Solutions 



Solutions used in the preliminary experiments should ' 
contain equal amounts of the given ions per ce., in order 
that the student may learn to estimate more accurately 
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the relative amounts of the constituents in an unknown. 
The solutions given below when dîssolved în the pro- 
portions stated wîll contain lo mgs, of the ion per ce. 
of solution. 



Ion. 


Sait 


Grams per 
liter 


Ion. 


Sait 


Grams per 
liter 


Ag 


AgNO, 


15-7 


Cr 


CrCl, 


30 


Hg 


HgN0,-2H,0 


15. (*) 


Zn 


ZnCl, 


21 


Pb 


Pb(NO,), 


16. (t) 


Mn 


Mn(N0,),.6H,0 


52 


Hg 


HgCl, 


13.5 


Fe 


FeS04-7H,0 


49 (II) 


Bi 


Bi(N0,),.5H,0 


23. (t) 


Co 


CoCliôHjG 


40 


Cu 


CuCl2-2H,0 


21 


Ni 


NiCl,.6H,0 


41 


Cd 


CdCl2.2H,0 


19.5 


Ba 


BaClj^HaO 


18 


As 


NaAsGî 


17.3 


Sr 


SrCl,.ôH,0 


30 


As 


Na2HAs04-7H,0 


41 


Ca 


CaCl,-6H,0 


55 


Sb 


SbCl, 


19. (§) 


Mg 


MgCU-6H,0 


84 


Sn 


SnCl2.2H20 


16. (§) 


K 


KCl 


19 


Sn 


SnCU-aHîG 


22. (§) 


Na 


NaCI 


25 


Al 


AlCl, 


49. 









♦ Dissolve in 0.6N. HNO3». 

t Double the amount for Group I experiments. 

X Dissolve in 3N. HNOj. 

{ Dissolve in 350 ce. of 6N. HCl and dilute to i liter. 

H Dissolve in 0.6N. H2SO4 and keep in contact with iron nails. 
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IV. A List of the More Commun Eléments with Their Atomic Weights 



Name 


Symbol 


At. Wt. 


Name 


Symbol 


At. Wt. 


Aluminium .... 

Antimony 

Arsenic 

Barium 

Boron 


Al 

Sb 

As 

Ba 

B 

Br 

Cd 

Ca 

Cl 

Cr 

Co 

Cu 

F 

Au 

H 

I 

Fe 

Pb 


27.1 
120.2 

75 
208 

II 

79 9 
112. 4 

40 

35-5 
52 

58.9 

635 

19 
197.2 

1.008 
126.9 

55.8 
207.2 


Lithium 

Magnésium . . . 
Manganèse . . . 

Mercury 

Molybdenum 

Nickel 

Nitrogen 

Oxygen 

Phosphorus . . . 
Potassium. . . . 

Silicon 

Silver 

Sodium 

Strontium .... 

Sulphur 

Tin 


Li 

Mg 

Mn 

Hg 
Mo 

Ni 

N 



P 

K 

Si 

Ag 

Na 

Sr 

S 

Sn 

U 

Zn 


6.9 
24.3 

54.9 
200.6 

96 

58.7 

14 
16 

31 

39.1 
28.3 

107.8 

23 
87.6 

32 
118. 7 


Bromine 

Cadmium 

Calcium 

Chlorine 

Chromium 

Cobalt 

Copper 

Fluorine 

Gold 


Hydrogen 

lodine 


Iron 


Uranium 

Zinc 


238.2 
65 4 


Lead 







